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PREFATORY NOTE 


The Program Committee for the Meeting of the American Asso- 
ciation of Petroleum Geologists at Houston, Texas, in March, 1924, 
strove to present to visiting geologists a comprehensive picture of 
American salt domes, and to collect and record in permanent form 
the information that has accumulated during twenty years of ex- 
ploration for petroleum around the salt domes of the Gulf Coastal 
Plain. The original plan included a brief, accurate description of 
each of the known salt domes. The results of that effort appear on 
the following pages. Although the list is not yet quite complete, the 
facts concerning a number of typical salt domes are presented with 
sufficient detail to portray adequately the true nature of this remark- 
able type of geologic structure. Along with these descriptive papers, 
and based largely on the data contained in them, are several theo- 
retical and interpretative studies, together, also, with some dis- 
cussion of European salt domes. 

Much past speculation as to the origin of salt domes, especially 
in America, appears to be unsound, and the error results from an 
inaccurate or distorted conception of the true form and character of 
our salt domes. It is hoped that with a more accurate, more detailed 
picture of American salt domes, such as this volume attempts to pre- 
sent, students of salt-dome origin may clarify and bring into ac- 
cord their several theories. That this body of facts may be more 
readily and more conveniently available to students of salt-dome 
geology, the various papers which have been published currently 
in the Bulletin are now brought together in a single volume. 

To the authors of the various manuscripts is due the credit for 
whatever merit may attach to this effort. The burden of editing has 
devolved largely upon the Association’s regular editor, Mr. Ray- 
mond C. Moore. Mr. Donald C. Barton and Mr. Alexander Deussen 
assisted the undersigned in the collection, criticism, and preliminary 
editing of the manuscripts. 


WALLACE E. PRATT 
Houston, TEXAS 
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ORIGIN OF NORTH AMERICAN SALT DOMES 


E. DEGOLYER 
New York City 


ABSTRACT 


A critical review of American thought on salt-dome origin shows that from the 
discovery of American salt domes in 1862 until the establishment of their economic 
importance by the development of a cap-rock pool at Spindletop in 1gor, little was 
known of the constitution of the domes except what little was expressed at the surface. 
The result was a wide variety of highly speculative theories of origin, chief of which, 
as best fitting our meager knowledge, was the theory that the domes were old Creta- 
ceous islands in Tertiary and even Recent seas. 

Exploration of the known domes for cap-rock pools and sulphur deposits from 
rgor to 1916~18 made us better acquainted with the salt, anhydrite, gypsum, limestone, 
sulphur, and various minor minerals—the salt-dome materials—and theories of deposi- 
tion from solution became the vogue. 

The development of important oil deposits in the lateral sands flanking the salt 
masses, from 1912 to date, concentrated attention on the structural features of the dome. 
The deposition-from-solution and lifting-power-of-crystallization theories seemed to be 
inadequate to explain the sharp and considerable uplift caused by the formation of the 
salt core and cap rock, and, with a growing recognition of the similarity of American 
salt domes to the salt structures of Germany, Roumania, Mexico, and elsewhere, came 
a gradual swing to the theory of tectonic origin. 

This theory of tectonic origin supposes that the plastic salt was forced by pressure 
to flow from originally bedded deposits into its present position. 

The author accepts the tectonic or pressure-flowage theory for the origin of Ameri- 
can domes and believes that the most serious objection raised by its opponents—the 
lack of evidence as to the existence of sedimentary salt deposits—is no longer tenable 
in view of the recent discovery of potash salts and fossil algae in the salt core of the 
Markham dome. 


INTRODUCTION 


Great bosses and ridges of rock salt, differing from the more 
ordinary forms of bedded deposits, are known to occur in various 
areas of sedimentary rock throughout the world. These interesting 
salt masses, which, for lack of a better term broad enough to include 
all varieties, may well be called “‘salt structures,” are found in two 
regions of the North American continent: the Texas-Louisiana and 
Isthmus of Tehuantepec regions. 

The Texas-Louisiana occurrences are of the plug or boss type gen- 
erally called ‘‘salt domes.” It is the purpose of the present paper to 
review the development of theories to account for the formation of 
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this particular type of salt structure and to suggest what appears to 
the writer to be the most acceptable theory of origin. 

A salt structure consists essentially of an anticline with a salt 
core, the structure of the enveloping rocks resulting in whole 
or part from the formation of the core. A salt dome is a very 
special form of salt structure having a circular or elliptical plane 
section. 

The general use of the term “salt dome” is not entirely satis- 
factory except in the United States. “Salt anticline,” “salt struc- 
ture,” or some similar term would seem to be more suitable for gen- 
eral application. The long salt ridges or anticlines of Mexico and 
Germany are in no sense domes, though apparently of similar origin, 
but it so happens that all of the salt structures known to date in the 
United States are true salt domes or salt plugs. 

A salt structure consists essentially of the salt core, with or with- 
out cap rock, both of which are salt-structure material, and of the 
enveloping or abutting country rock to the extent to which its struc- 
ture has been affected by the forces giving rise to the intrusion of the 
salt core. 

The cores range in size and shape from shallow and flat to sharp 
and sometimes overturned ridges, miles in length, as in many of the 
European and Mexican structures; and from sharp to flat-topped 
conical plugs, of circular plane section, such as are so characteristic 
of the Gulf Coastal plain of the United States and of less common 
occurrence elsewhere. 

The salt core may or may not be accompanied by a cap of mas- 
sive anhydrite, or gypsum, limestone, dolomite, or of combinations 
of these with various minerals of minor importance including sul- 
phur, selenite, calcite, galena, sphalerite, barite, pyrite, petroleum, 
etc, This cap rock of the coastal region—the Gypshut of the Germans 
—may be only a few feet or several hundred feet in thickness, and 
may be perched upon the top of the salt core, like the tip on a 
billiard cue, as is common in the domes of the United States, or ex- 
tend, thimble-fashion, down its sides, as in certain of the German 
and Mexican structures. 

The structure of the sedimentary rocks overlying and adjacent to 
the salt and cap-rock core, when not complicated by faulting of inde- 
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pendent importance and considerable magnitude, is apparently that 
caused by displacement sufficient to accommodate the intrusion of 
the salt and cap-rock core. The sedimentary rocks usually dip away 
from the salt. . 

The true salt dome is apparently an extreme or mature form of 
salt anticline, a conclusion which the writer is pleased to note is also 
put forward by Stille for German domes. 

Salt structures are known to occur, outside of North America, 
in the general region of the Harz Mountains and the North German 
plain; on the south flank of the Carpathians and in the Transylvania 
Basin in Roumania; on the shores of the Red Sea in Egypt; in 
Southern Persia; and in Russia, Spain, Algeria, and Morocco. No 
occurrences have been described from South America though Pogue' 
calls attention to a possible salt structure in Colombia. 

The two known salt structure regions in North America, one in 
the Texas-Louisiana province and the other in the Isthmus of Te- 
huantepec, Mexico, both lie within the coastal plain of the Gulf of 
Mexico. 

As a speculation, it is suggested that salt structures will be found 
to be of much more common occurrence than is indicated by this 
catalogue. The type of structure is familiar to but few geologists 
and, lacking exploration by drill or shafts, may often be indistin- 
guishable from other and more ordinary types of structure. A re- 
cently described salt deposit at Malagash, Novia Scotia, has all the 
earmarks of a salt structure, but not enough is yet known to classify 
it definitely. 

The better-known and more extensive Texas-Louisiana province 
includes two groups of domes. The coastal group occurs in the very 
flat lands of the coast along a strip extending inland about 70 miles 
from the Gulf cf Mexico and from just west of the Mississippi to a 
short distance south of the Rio Grande. The interior group lies on 
the east flank of the Sabine uplift in northwestern Louisiana and in 
the syncline just west of the Sabine uplift in northeastern Texas. 
The interior group, as known at present, lies about too miles north 


tJ. E. Pogue, Trans. Amer. Inst. Min. Eng., Vol. 65 (1921), Pp. 324. 
2 A. O. Hayes, “The Malagash Salt Deposit, Nova Scotia, Canada,” Dept. of Mines 
Geol. Surv., Memoir 121, Ottawa, 1920. 
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of the coastal group. It might be subdivided into the Louisiana in- 
terior and the Texas interior groups, since these are separated by 
the Sabine uplift and lie some distance apart. Further study may 
indicate that this subdivision is of geologic as well as geographic im- 
portance. 

The Isthmus of Tehuantepec province lies in the southeastern- 
most cantons of the state of Vera Cruz, Mexico, within a radius of 
50 miles from the village of Minatitlan. It is much smaller in size 
than either the interior or coastal groups and is entitled to classifica- 
tion as a province only because it is an independent area and has an 
individual history and definite characteristics of its own. 

The Texas-Louisiana domes are coming to be comparatively well 
known. The coastal group are but slightly expressed by surface 
geology, but are usually marked by a striking, if slight, topographic 
expression. They have been extensively explored by drill holes and 
mining operations. The interior domes are usually well expressed 
geologically and topographically, but have not been so extensively 
explored by the drill as have the domes of the coastal group. 

The Tehuantepec salt structures are excellently expressed at the 
surface, both geologically and topographically. They have not been 
drilled so extensively as have the Texas-Louisiana domes, but the 
drilling has generally been more carefully directed and observed. In 
time, the study of the Tehuantepec area should yield more definite 
results than the study of the Texas-Louisiana area. The structures 
are better expressed at the surface. 


AMERICAN THOUGHT ON SALT-DOME ORIGIN 


The origin of salt domes has been a fruitful subject for contro- 
versy with American geologists since Thomassey, in 1860, first de- 
scribed the Five Islands and launched into the seas of speculation 
with his suggestion of volcanic origin. Much has been written and 
more has been said, often by men having at best an entirely inade- 
quate knowledge, of the all too meager store of fact available to us 
regarding these interesting structures. 

The development of American theories of salt-dome origin may 
be divided conveniently into three periods. The first period, extend- 
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ing to the time of the discovery of oil at Spindletop in 1901, was a 
time of casual theories, when next to nothing was known about the 
real constitution of the domes. Interest in them was casual and 
desultory and, as is always the case when exact information is too 
scarce to limit imagination seriously, widely different theories of 
origin were promulgated. Since the chief test for excellence in theory 
is that it shall not violate known fact, it is not surprising that a wide 
variety of theories should have been put forward. 

The second period, marked by deposition from solution theories, 
extends from the determination of the great economic importance 
of these domes by the discovery of oil at Spindletop in rgo1 to about 
1916-18. The theories most favorably received were those attribut- 
ing the origin of the domes to deposition from solution. This was the 
period of the development of the cap-rock pools and of development 
of the sulphur mines in the cap rock of the domes. Drilling opera- 
tions added greatly to our knowledge of the domes, but the additions 


had largely to do with salt-dome material—the salt, limestone, gyp- | 


sum, anhydrite, sulphur, and various minor minerals. Information 
as to the structure of the contiguous sediments was not entirely 
lacking, but much of it was presumptive evidence. The bulk of addi- 
tions as to fact, and those most stressed, were observations regarding 
character, extent, and position of the dome materials—materials 
whose origin could most easily be explained by theories of deposition 
from solution. 

The third period, which is one of structural theories, extends 
from 1916-18 down to the present. About 1914, exploration of the 
cap-rock areas of the known domes being practically complete, the 
rapid diminution of their economic importance was checked and 
interest in the domes was revived by the discovery of important oil 
deposits in the lateral sands flanking the salt masses. Salt domes 
which had been regarded as practically exhausted were rejuvenated 
as potential oil fields, and we are still in the period of exploring the 
flanks of the old domes as well as searching for new ones. The knowl- 
edge of domes which has been developed as a result of this campaign 
has had to do mainly with the structure of the sedimentary rocks 
enveloping the salt and cap-rock mass. This information accents 
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chiefly the upthrust which has been occasioned by the formation of 
the salt plug, and it is not surprising to see opinion trend to the 
theories of tectonic origin since they seem best to explain such struc- 
ture. 

Through all of these periods, like the chorus in a Greek tragedy, 
run constantly recurring theories of dome-origin as a result, direct 
or indirect, of volcanic activity. The theory of volcanic origin has 
never been generally accepted, has perhaps never even been ade- 
quately set forth, and, in the absence of some direct evidence of 
volcanic activity, seems to the writer to be more speculative than 
most other theories. It has, however, received favorable comment 
from many of the men best equipped, by an intimate knowledge of 
salt domes, to deal with the subject, and it can by no means be defi- 
nitely and finally discarded." 


FIRST PERIOD (1860-1901); CASUAL AND RANDOM THEORIES 


The main mass of rock salt at Petite Anse, Five Islands, was dis- 
covered during the deepening of one of the old brine wells in May, 
1862. This was our first step toward a knowledge of the real struc- 
ture of a North American salt dome. 

The salt springs which are so often associated with the domes had 
been known to the early settlers and to the Indians, and had served 
as sources of brine for salt manufacture. Coxe,” in the early part of 
the eighteenth century, evidently referred to the salines of northern 
Louisiana in the statement: ‘There are many springs, pits and lakes, 
which afford most excellent common salt in great plenty, wherewith 
[the Indians] trade with neighboring nations for other commodities 
they want.” Stoddard notices and describes one of the Five Islands. 

* The writer has reviewed the theory of volcanic origin critically with unfavorable 


conclusions. See E. DeGolyer, “Theory of Volcanic Origin of Salt Domes,” Trans. 
Amer. Inst. Min. Eng., Vol. 61, pp. 456-69. New York, ror. 


? Daniel Coxe, A description of the English province of Carolina, by the Spaniards 
called Florida and by the French, La Louisiane, etc., 2d ed., London, 1726. Requoted 
from Harris and Veatch, Historical Review. A preliminary “Report on the Geology of 
Louisiana,” Geol. Surv. of Louisiana, Report for 1899, Baton Rouge, which see for early 
references. 


3 Major Amos Stoddard, Sketches, Historical and Descriptive of Louisiana. Phila- 
delphia, 1812. 
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He notes with regard to these islands that “some of them are impreg- 
nated with sulphur and one of them has been known to be on fire for 
at least three months.’ Travelers’ tales! Darby" evidently visited 
Drake’s and Bisteneau domes and described Petite Anse. He in- 
dulged in the first vague speculation as to origin, attributing the is- 
lands to a source other than “the revolution affected by allu- 
vion.”’ é 

Thomassy,? who visited the Five Islands in 1857 and 1850, 
describing them with some care, noting their similarity, alignment, 
and distinct characteristics, apparently suspected the presence of 
rock salt. After the discovery of the salt mass, he again visited 
Petite Anse,3 and in announcing the finding of the salt, he reaffirmed 
the theory of volcanic origin, announced in his earlier work, ‘‘in the 
sense that it [Petite Anse] comes from a volcano of water, mud, and 
gas,” and that the rock salt was formed from the evaporation of sea 
water by volcanic heat. Thomassy was impressed by the symmetry 
of the mounds and regarded the ponds found on them as being ex- 
tinct crater types. He regarded the domes as akin to the mud lumps 
of the Mississippi delta and believed that he detected evidence of 
corrosion by thermal and acid waters on certain rocks found near 
Petite Anse which he supposed had been ejected from the depth of 
the gulf through explosive action. 

Richard Owen,‘ while stationed with the Federal Army at New 
Iberia, in 1865, studied Petite Anse cursorily and concluded that the 
island was not of volcanic origin but that the salt was produced by 
the evaporation of sea water in barrier lagoons. 

Goesmann,' in 1867, reported on the Petite Anse deposit. He re- 


« William Darby, 4 Geographical Description of the State of Louisiana, etc. Phila- 
delphia, 1816. 

2R. Thomassy. Geologie pratique de la Louisiana. Paris, 1860. 

3R. Thomassy, “Supplement d la geologie pratique de la Louisiana, fle Petite 
Anse,” Societe Geologique de France, Bull. 20 (2d series, 1863), pp. 542-44. 

4 Richard Owen, ‘‘Report on Quaternary Rock Salt Deposits in Louisiana,” Trans. 
St. Louis Academy of Science, Vol. 2 (1868), pp. 250-52. 

sC. A. Goesmann and C. E. Buck, “On the Rock Salt Deposit of Petite Anse, 
Louisiana Rock Salt Co.,” Report of the American Bureau of Mines; 35 pp., 2 pls. 
New York, 1867. Goesmann requoted from H. C. Bolton, New York Academy of Science 
Trans., Vol. 7, pp. 124-25. New York, 1888. 
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jected Owen’s salt-plan theory and suggested that the salt resulted 
from the evaporation of brine springs rising through older deposits 
of bedded salt—a theory very similar to the later and more elaborate 
theories of Hill and Harris. 

Hilgard,' in 1867, examined this same deposit at the request of 
Joseph Henry, of the Smithsonian Institution. He published a num- 
ber of papers from 1869 to 1882, in addition to the one noted. Before 
this study, he suggested that the salt had been formed in lagoons but 
afterward he concluded that Petite Anse was not of volcanic origin, 
but that the Louisiana domes and salines were Cretaceous outliers 
with cappings of drift and other alluvial material. The present topo- 
graphic form of the domes he regarded as the result of erosion; the 
various outliers as peaks on an old Cretaceous range; and the age of 
the salt as Cretaceous. He thought that any abnormal dips at the 
surface of the domes were the result of differential settling and 
suggested a genetic relationship between Petite Anse and the Cal- 
casieu sulphur deposit. 

Hopkins,” in reporting on the geology of Louisiana, held to views 
similar to those of Hilgard. He regarded the salines and domes as 
peaks on an old Cretaceous ridge, the salt as of Cretaceous age, and 
in commenting upon the common association of limestone, gypsum, 
sulphur, and petroleum, regarded the minerals as resulting from the 
reactions between buried organic matter and gypsum. 

Lockett,’ in 1870, visited the Five Islands. He considered them 
merely as the continuation of the Cote Gelee, Carenero, Grande 


1K. W. Hilgard, “On the Geology of Lower Louisiana and the Salt Deposits of 
Petite Anse Island, Smithsonian Contributions, Separate No. 248, pp. 32-34. Washing- 
ton, 1872. 

2. V. Hopkins, First Annual Report of the Louisiana State Geological Survey; 
Annual Report of Board of Supervisors of the Louisiana State Seminary of Learning and 
Military Academy for the Year Ending Dec. 31, 1869, pp. 77-109. New Orleans, 1870; 
Second Annual Report of the Geological Survey of Louisiana to the General Assembly; 
Annual Report of the Board of Supervisors of the Louisiana State University for the Y ear 
Ending Dec. 31, 1870, pp. 1-7. New Orleans, 1871; Third Annual Report of the Geological 
Survey of Louisiana; Annual Report of D. F. Boyd, Superintendent Louisiana State Uni- 
versity for 1871, pp. 163-206. New Orleans, 1872. 

3 Colonel Samuel H. Lockett, Report of the Topographical Survey of Louisiana, 


Louisiana State University; Report of Superintendent for 1870, pp. 16-26. New Orleans, 
1871. 
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Coteau, and Opelousas Hills; the whole at one time forming a great 
natural levee along the shores of an estuary occupying the Missis- 
sippi Valley. During a great flood a series of mighty crevasses were 
made in this levee, and thus the islands were formed. 

Penrose,’ in 1889, examined the Palestine dome, identified the 
outcrop of Cretaceous rocks and concluded that it “‘doubtless repre- 
sents the remains of an island in the old Tertiary sea.” 

Herndon? described Books and Steen salines and regarded the 
former as an old Cretaceous*island in the Tertiary seas. 

Dumble’ examined the Palestine dome in 1890. He regarded it as 
“only one of a series of these deposits of salt which seem to extend 
in two or more lines from northeast Texas in a southeasterly direc- 
tion toward the Gulf.” He lists all of the Texas interior group of salt 
domes which we know today except Keechi, and concludes that 
“they represent islands in the Tertiary sea formed by projecting 
eminences of the underlying strata of Cretaceous age.”’ 

Kennedy,‘ in 1892, described Grand Saline and seems to have 
escaped the idea, then orthodox among members of the Texas Geo- 
logical Survey, that it was a Cretaceous outlier. He describes the 
dip of the rocks in some detail and refers to it as the ‘Grand Saline 
fold.” 

Lerch, in 1893, set forth the results of his observations of the 
geology, including that of the salines, in north Louisiana. In the 
first of his papers’ he concludes that no volcanic eruptions and no 
violent contortions have disturbed the geological formations of north 


™R. A. F. Penrose, “A Preliminary Report on the Geology of the Gulf Tertiary of 
Texas from the Red River to the Rio Grande,” First Annual Report, Geol. Surv. Texas 
(1889), p. 101. Austin, 1890. 

2J. H. Herndon, “Smith County (the Iron Ore District of East Texas),” Second 
Annual Report Geol. Surv. Texas (1890), pp. 222-24. Austin, 1891. 

3E. T. Dumble, “Anderson County (the Iron Ore District of East Texas),” ibid., 
PPp- 303-17. 

4 William Kennedy, ‘‘A Section from Terrell, Kaufman County, to Sabine Pass 
on the Gulf of Mexico,” Third Annual Report Geol. Surv., Texas (1891), pp. 41-125. 
Austin, 1892. 

5 Otto Lerch, “A Preliminary Report upon the Hills of Louisiana, North of the 
Vicksburg, Shreveport, and Pacific Railroad, Louisiana State Experiment Stations,” 
Geology and Agriculture, Vol. 1 (1893), p- 27- 
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Louisiana; and in a second paper,! after stating that the existence of 
salines can only be traced along the summit of a Cretaceous ridge, 
which traverses the state diagonally from its northwest corner to the 
island of Petite Anse, arrives at a conclusion combining Hilgard’s 
Cretaceous outlier theory and a theory similar to volcanic origin. 
It was his idea that at the close of Mesozoic time enormous plutonic 
forces had thrown up mountain chains of vast extent and that 
isolated peaks in the ranges so formed had been islands in the Terti- 
ary sea. He also regarded the Balcones fault and the basaltic out- 
breaks along it as of contemporaneous origin. 

Vaughan,” in 1895, in publishing the report of his own work in 
Louisiana, reviewed the papers of Hilgard and Lerch and expressed 
conformity with Hilgard’s idea of a Cretaceous ridge. He failed to 
observe evidences of any orogenetic movement as postulated by 
Lerch. 

Clendenin,’ as a result of investigations during the summers of 
1894-95, expressed the opinion with regard to Thomassy’s theories 
that there was no evidence of volcanic activity. He followed Hilgard, 
whom he quotes extensively, but suggested, somewhat after Lerch, 
that the Cretaceous outliers are the result of differential elevation 
rather than differential erosion. He recognized clearly the earth 
movement during comparatively late geological time. 

Harris and Veatch,‘ in 1899, published the first considerable 
studies of the Louisiana domes and salines. They regarded the Five 
Islands as ‘‘a series of very peculiar dome-shaped folds and, to all 
appearances, a large fault,” formed in Quaternary or Recent time. 
The Cretaceous outcrops of northern Louisiana are regarded as 
“similar domes,” but it “is hard to believe they were formed so 
recently” as the Five Islands. The Winnfield anticline indicates that 


1 “A Preliminary Report upon the Hills of Louisiana, South of Vicksburg, Shreve- 
port, and Pacific Railroad to Alexandria, Louisiana, Louisiana State Experiment Sta- 
tions,” ibid., Vol. 2, 53-109. 


ane Wayland Vaughan, “Stratigraphy of Northwestern Louisiana,” Amer. Geol., 
Vol. 15 (1895), pp. 208-29. 
3 W. W. Clendenin, “A Preliminary Report upon the Florida Parishes of East 


Louisiana and the Bluff, Prairie, and Hill Lands of Southwest Louisiana, Louisiana 
State Experiment Stations,” Geology and Agriculture, Vol. 3 (1896), pp. 236-40. 


4 Gilbert D. Harris and A. C. Veatch; “A Preliminary Report on the Geology of 
Louisiana Geological Survey of Louisiana,” Report for 1899, pp. 9-138. Baton Rouge. 
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part of the movement at least was post-Claiborne. They concluded 
against Hilgard’s Cretaceous ridge and in favor of “northeast- 
southwest local folds parallel to old shorelines’ to account for the 
domes. ; 
Veatch," in 1899, left off his study of the salines of north Louisi- 
ana to investigate the Five Islands. He reports that only two of the 
islands show indications of method and date of origin, Belle Isle 
showing a very distinct dome-shape fold and Petite Anse seeming to 
represent a fault block. He regarded the supposed faulting as pos- 
sibly due to solution of the underlying salt, but more likely due to 
orographic movement. He concluded that the formations of the is- 
land possibly began with movement in late Tertiary time, evidence 
of which had thus far been seen only at Petite Anse; that the main 
folding and faulting occurred in the Pleistocene and was followed by 
the sinking of the whole coastal region and deposition of the upper 
yellow clays; that during a succeeding period of elevation, the deep 
channels of the coastal rivers were excavated and lake valleys formed 
in the island; and the subsidence which followed had continued to 
the present day. 

Anthony F. Lucas, in 1896, discovered salt under Jefferson Is- 
land and thus initiated the most fruitful part of the prospecting and 
study of the coastal domes which culminated in his discovery of the 
Spindletop gusher in January, 1901. In 1896, in 1898, and in 1899 he 
published papers? on Louisiana salt, but was concerned with occur- 
rence rather than origin, merely noting a belief that the geological 
formations of the Five Islands is Quaternary, that the salt is of 
Tertiary age, and appears to rest on the Cretaceous, and that the 
salt formation at Jefferson Island does not lie in undisturbed strata 
but seems to have been folded and contorted while still in a plastic 
condition. Lucas clearly recognized the dome structure of Spindle- 
top, but is said to have thought it was due to gas pressure. 

tA. C. Veatch, “The Five Islands, Louisiana, Louisiana State Experiment Sta- 
tions,” Geology and Agriculture, Vol. 5 (1899), pp. 259-60, pls. 19-31. 

2A. F. Lucas, “The Avery Island Salt Mine and the Joseph Jefferson Salt Deposit, 
Louisiana,” Eng. and Min. Jour., Vol. 62 (1896), pp. 463-64; “Louisiana Salt Re- 
sources,” American Manufacturer, Vol. 63 (1898), pp. 910-11; “Rock Salt in Louisiana,” 


Trans. Amer. Inst. Min. Eng., Vol. 29 (1899), pp. 405-66. 
3 Robert T. Hill, “The Coast Prairie of Texas,” Science, N.S., Vol. 14 (1901), p. 327. 
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Veatch, in reporting on the salines of north Louisiana, expressed 
no substantial modification of his views as expressed for the Five 
Islands. He seems to have become quite definitely convinced of the 
anticlinal or domelike structure of the sedimentary rocks surround- 
ing the salt cores; he recognized clearly the similarity of the coastal 
domes, both in Texas and Louisiana to the northern salines; and he 
published the first general Texas-Louisiana map showing an align- 
ment of the domes. 

Adams,? in roo1, after the discovery of Spindletop, published a 
preliminary report indicating many of the interior group of domes, 
which he maps as Cretaceous outliers, and lists many of the coastal 
domes as being prospected for oil. His paper does not show that he 
recognizes these occurrences as salt domes, though he states that 
Petite Anse and Grand Saline are probably similar types. He re- 
gards the salt as probably of Cretaceous age and republishes the 
F. V. Hopkins section through Petite Anse, Pine Prairie, and Winn- 
field. 


SECOND PERIOD (1901-16); DEPOSITION FROM 
SOLUTION THEORIES 


The theory of Goesmann was the first of the deposition from solu- 
tion theories of salt-dome origin to be put forward, but it was pro- 
mulgated at a time when the salt dome was little known and of al- 
most no general interest. With the discovery of the Lucas gusher at 
Spindletop, however, and the completion of a survey of the Louisiana 
domes by Veatch, the domes began to receive more serious attention 
from geologists. 

Harris’ visited Spindletop shortly after the discovery and an- 
nounced that the scanty evidence available indicated that the Lucas 
gusher was on a Cretaceous anticline, a theory which he regarded as 
corroborated by the log of the Higgins well.4 

«A. C. Veatch, “The Salines of North Louisiana,” Geol. Surv. of Louisiana, Report 
of 1902, pp. 47-100. 

George I. Adams, “Oil and Gas Fields of the Upper Cretaceous and Tertiary 
Formations of the Western Gulf Coast,” U.S. Geol. Surv. Bull. 184, pp. 37-62. Wash- 
ington, 19ol. 

3G. D. Harris, communication to New Orleans Picayune, March 27, 1901. Re- 
quoted from Harris, “Oil in Louisiana,” Geol. Surv. of Louisiana, Report of 1902, p. 273. 


4G. D. Harris, “Oil in Texas,” Science, N.S., Vol. 13 (April 26, 1901), pp. 666-67. 
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Hill’ at first thought that there was no structural disturbance and 
that wells might be drilled “with reasonable assurance that oil is apt 
to be found anywhere within the region of the coast plain above the 
’ oil-impregnated sands.”’ He concluded “that oil should be found at 
decreasing depths at the rate of about seven to ten feet per mile along 
the line drawn from Beaumont to Oil City, in southern Nacogdoches 
County.” After a visit to Damon Mound, however, he was con- 
vinced by Lucas that Spindletop was a true dome,? though he re- 
garded the domes as “probably due to isostatic movements rather 
than accumulation of gas.” 

Hill, in 1902, published his theory on the formation of the domes 
by deposition from solution as follows: 

The oii and salt pockets of the Texas Coastal Plain are probably not indig- 
enous to the strata in which they are found, but are the resultant products of 
columns of hot saline waters which have ascended, under hydrostatic pressure, 
at points along lines of structural weakness, through thousands of feet of shale, 
sand, and marine littoral sediments of the Coastal Plain section, through which 
oil and sand are disseminated in more or less minute quantities. The oil, with 
sulphur, may have been floated upward on these waters, and the salt and dolo- 
mite may have been crystallized from the saturated solution. 

The channels of these ascending waters may have been in places of struc- 
tural weakness, such as fissures, which probably at one time continued to the 
surface, but may have been sealed by the deposition of the later overlapping 
strata now capping the oil pools.3 


Hayes‘ reviewed Hill’s theory, after making a study of the 
coastal region, and concluded that, while the theory was suggestive 
and worthy of careful consideration, it could not be accepted in its 
present form. By this time, the domelike structure of Spindletop 
had been definitely proved, and Harris,’ on paleontological grounds, 
had determined a considerable uplift at Sour Lake. 


t Robert T. Hill, coinmunication to Times-Democrat, May 29, 1901. Requoted from 
Harris, ‘‘Oil in Louisiana,” op. cit. 

2 “The Coast Prairie of Texas,” Science, N.S., Vol. 14 (1901), pp. 326-28. 

3“The Beaumont Oil Field with Notes on the Other Oil Fields of the Texas 
Region,” Jour. of the Franklin Institute, Vol. 154, pp- 273-74. Philadelphia, 1902. 

4C, W. Hayes, “Some Facts and Theories Bearing on the Accumulation of Petro- 
leum,” abstract in Science, N.S., Vol. 16 (1902), p. 1028. 

5 G. D. Harris, “The Geology of the Mississippi Embayment,” Geol. Surv. of Lou- 
isiana, Report of 1902, pp. 25 ff. 
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Coste,t in 1903, advanced the theory that salt domes are the 
result of ‘‘volcanic emanations bringing the water, salt, sulphur, oil, 
and gas from the interior in the state of vapors and gases, which 
condensed more or less near the surface, etc.’”” He regarded the 
domes and salt masses as “‘the dying distant echo of that tremendous 
volcanic energy which, a little farther south, in Mexico, Central 
America and in the islands and along the southern coast of the 
Caribbean Sea, is to this day so powerfully active.” 

Hayes and Kennedy? had made a study of the Texas-Louisiana 
plain just after the completion of the Spindletop well in 1901. Their 
report, by far the most complete regarding salt domes which had 
yet been published, included a geological map of the area by Ken- 
nedy, a map of the coastal oil pools and prospects, indicating a 
northeast-southwest alignment, and noted the parallelism of this 
alignment with the Balcones fault. They regarded the domes as 
domal or anticlinal structures but as of a type wholly different from 
Appalachian structures, concluding that they ‘‘could scarcely have 
been produced by horizontal compression.” They agree with the 
Harris assumption of an anticline at Spindletop, but state that it was 
of post-Eocene rather than Cretaceous age. While they state that 
“the mode of accumulation of the enormous masses of rock salt 
which occur in the Louisiana Salt Islands, in Damon Mound, in High 
Island, and also in Spindletop, has never been satisfactorily ex- 
plained,” they quote Hill’s theory of origin, noting that it presents 
some serious difficulties, and conclude that it may be necessary “‘to 
refer their origin to supersaturated solutions coming through fissures 
opened along a fault line.”’ In noting the alignment of the domes, 
they state that there has been ‘“‘movement along these lines, includ- 
ing both flexing and faulting from as far back as Miocene into the 
present.” 

Hager, in 1904, presented an able paper summarizing the exist- 
ing knowledge regarding the southern salt domes and proposed, in 
greater detail, a theory somewhat similar to that offered by Coste. 
Hager’s theory is essentially as follows: 


*E. Coste, “The Volcanic Origin of Natural Gas and Petroleum,”’ Canad. Min. 
Inst. Jour., Vol. 6 (1904), pp. 73-123. 


2C. W. Hayes and W. Kennedy, “Oil Fields of the Texas-Louisiana Gulf Coastal 
Plain,” U.S. Geol. Surv. Bull. 212, 1903. 
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By contact with the molten intrusives, vast quantities of gas were generated 
from the reduction of metallic sulphides and the distillation of lignites and 
organic substances. These gases, accompanied by steam under tremendous 
pressure, forced their way to the surface through the unconsolidated sands and 
clays of the overlying Tertiary material, perhaps giving rise to mud volcanoes, 
such as occur in many of the world’s great oil fields at the present day. Heated 
waters from great depths found vent along the same channels, carrying in solu- 
tion carbonates of lime and magnesium, gypsum and salt. By ebullition and 
evaporation these solutions became concentrated until, saturation resulting, 
precipitation commenced, forming the necklike masses of salt, gypsum and dolo- 
mite now encountered. With the cooling of the intrusive masses and the choking 
of the vents, the process practically ceased. A period of subsidence followed, 
during which the Coastal Quaternary beds, which at present cap the mounds, 
were laid down, followed by a secondary movement along the old lines of weak- 
ness, resulting in the present elevation of the mounds above the surrounding 
prairie. 


Hager admits that the weakness of his hypothesis lies in ‘the 
assumption of intrusives concerning the existence of which we have 
no evidence whatsoever,” but finds some support for it in the occur- 
rence of intrusive rocks and the upward displacement by them of 
overlying strata in the Austin, Texas, area as well as in the common 
occurrence of some form of vulcanism in most of the world’s Tertiary 
oil fields.’ 

Fenneman studied the coastal domes in 1904 and in the prelim- 
inary statement of his work concludes with regard to their origin as 
follows: 

The mounds of the surface plainly owe their existence to some force exerted 
from beneath upward. It is inconceivable that any lateral pressure in these 
uncompacted Coastal Plain deposits should have resulted in approximately 
circular hills rising above the dead flat. It is too early to frame an exact hypoth- 
esis as to the nature of that force exerted from beneath, but indications in the 


field strongly suggest some association with an expansive force accompanying 
the crystallization of the minerals characteristic of such mounds.3 


« Lee Hager, “The Mounds of the Southern Oil Fields,” Eng. and Min. Jour., Vol. 
78 (1904), pp. 137-39, 180-83. 

2 From his numerous citations of the occurrence of mud volcanoes in various oil 
fields, one must conclude that Hager regarded them as true volcanic phenomena. 

3N. M. Fenneman, “Oil Fields of the Texas-Louisiana Gulf Coast,” U. S. Geol. 
Surv. Bull. 260 (1905), pp. 459-67; “Oil Fields of the Texas-Louisiana Gulf Coastal 
Plain,” U.S. Geol. Surv. Bull. 282, 1906. 
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This theory is interesting because it is apparently the first appeal 
to the force of growing crystals to explain the uplift of the domes. 

Veatch, in 1906, after describing the igneous intrusions of south- 
ern Arkansas, concluded with regard to the origin of the salt domes 
of northern Louisiana and eastern Texas as follows: 


Whether the forces producing these unique domes were in any way asso- 
ciated with those producing the intrusions just mentioned it is as yet impossible 
to say; but the irregularity of their distribution, the great symmetry of all the 
domes which have been carefully studied, the difficulty of explaining this sym- 
metry by any manner of folding not associated with igneous intrusions, and the 
suggestion which this symmetry carries of force applied at one point from below, 
just as a sharp-pointed little dome might be formed in a sheet of dough by push- 
ing upward with a blunt pencil, indicate similar igneous intrusions beneath these 
great thicknesses of relatively plastic, recently deposited cretaceous sediments 
as the cause of these domes. 


This conclusion, so similar to that previously put forward by 
Hager, was arrived at independently by Veatch, who had not yet be- 
come acquainted with Hager’s theory. 

Harris, in 1907, first announced his theory of dome uplift by the 
force exerted by growing salt crystals: 

The longer we study these peculiar structures the more convinced are we 
that although they may be located along lines of weakness, faults, or fractured 
anticlines, they are not to any great extent due to tangential, mountain-making 
forces, nor to volcanic upheavals, nor igneous plugs, as has recently been sug- 
gested, but to the slowly-acting, little understood, concretion-forming forces as 
well as the power of crystallization. Hot salines or calcareous solutions, coming 
from earlier Mesozoic or later Paleozoic beds beneath, rising perhaps by hydro- 
static pressure alone, may very readily, upon reaching a level where the pressure 


is somewhat relieved and the temperature decreased, deposit some of their 
mineral contents.” 


He notes, in support of his theory, that calcareous concretions 
seem to increase in size, bending adjacent shale beds upward or 
downward with irresistible force until the calcareous material within 
their reach is exhausted. As against theories of volcanic origin, he 
further notes that igneous plugs and dykes usually cause great 

t A.C. Veatch, “Geology and Underground Water Resources of Northern Louisiana 
and Southern Arkansas,” U. S. Geol. Surv. Prof. Paper 46 (1906), p. 20. 


7G. D. Harris, “Notes on the Geology of the Winnfield Sheet,’ Geol. Surv. of 
Louisiana, Report of 1907, Bull. 5. Baton Rouge, 1907. 
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irregularities in the earth’s magnetic field, and that the area of the 
Winnfield sheet, which contains a number of domes, shows irregulari- 
ties entirely too slight to indicate igneous activity in the region. In 
support of this contention, he later cited* the fact that the nearby 
volcanic rocks in Arkansas are magnetic. 

In his subsequent writing, Harris? restated and Mabarited his 
theory which, in view of his careful and detailed presentation, the 
lack of a more plausible theory, and the position as an authority 
which his intimate knowledge of the American domes} gave him, 
received widespread and alniost general acceptance. The most com- 
plete statements of this theory are to be found in the Economic Geol- 
ogy article and in Bulletin No.7 of the Louisiana Report. The theory 
is essentially as follows: 


Artesian waters, which had entered outcropping formations north of the 
general salt dome areas, having descended to great depths along pervious beds, 
becoming heated by the high earth temperatures existing at such depths, and 
taking into solution salts encountered in the Palaeozoic and Mesozoic forma- 
tions, rose under hydrostatic pressure at points of weakness, occurring mainly at 
the crossing of faults in the pre-Tertiary formations. Deposition of salt by the 
cooling of this hot-saline solution resulted in the formation of a slender pencil- 
like cone of rock salt. The forces exerted by the power of the growing crystals 
of salt, especially at the bottom of this salt cone, resulted in the cone being 
pushed continuously upward as long as deposition continued, the cone being 
beheaded by solution as it reached the zone of circulating underground fresh 
waters. Overlying sedimentary rocks were lifted and contiguous rocks tilted by 
the upthrust of the salt cone. 


Harris evidently considered that the cap rock and associated 
minor minerals were deposited from other solutions after the salt 


« “Magnetic Rocks,” Science, N.S., Vol. 29 (1909), p. 384. 

2G. D. Harris, “The Salt Domes of Louisiana and Texas,” ibid. (1908), pp. 347-48; 
“Rock Salt,” Geol. Surv. of Louisiana, Report of 1907, Bull. 7. Baton Rouge, 1908; 

~s4‘The Geological Occurrence of Rock Salt in Louisiana and East Texas,” Econ. Geol., 
Vol. 4 (1909), pp. 12-34; “Oil and Gas in Louisiana with a Brief Summary of Their 
Occurrence in Adjacent States,” U.S. Geol. Surv. Bull. 429, 1910; “Immense Salt Con- 
cretions,” Popular Science Monthly, Vol. 82 (1913), pp. 187-91. 

3 Harris’ Bull. 7 of the Louisiana Geological Survey Report and Bull. 429 of the 
United States Geological Survey are still the most complete general descriptions of Ameri- 
can salt domes available to the student, notwithstanding the fact that in the fifteen 
years since their publication our knowledge of these interesting structures has increased 


greatly. 
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solution had been cut off. He cites the work of Day and Becker" in 
support of his theory of crystal force. This paper states that the 
power of growing crystals (in general) may be assumed to be of the 
same order of magnitude as the crushing strength of the crystals 
themselves. Harris subjected a 4-inch cube of rock salt to a pressure 
of 50,000 pounds, without even cracking it, and concludes that grow- 
ing salt crystals could “lift up 3,000, 4,000, and even 5,000 feet of 
such incoherent strata’ as the Quaternary clays and sands. 

Coste, in 1909, elaborated his former theory of volcanic origin, 
noting: 

In the Mexican oil fields the volcanic action has been a little more intense 
and instead of only the hot gases, vapors and waters piercing up more or less 
through the horizontal strata to form the salines, as in Texas and Louisiana, 
we see the volcanic lava cones themselves piercing up boldly through the plains. 
There is no doubt that these lava cores in Mexico surrounded with petroleum 
and other solfataric emanations are one and the same volcanic phenomenon as 
the vertical chimneys of salts, hot waters and hot petroleums of the Texas- 
Louisiana salines.? 

Campbell,’ in 1911, reviewed theories regarding the Texas domes. 
He concludes that the best hypothesis put forward regarding origin 
is that of Harris, but believes that Hager’s volcanic hypothesis had 
derived considerable support from the discovery of oil in the vicinity 
of igneous plugs in Mexico. 

Clapp,* in 1912, reviewed the salt-dome structures. He does not 
arrive at a definite conclusion as to origin, merely noting that the 
Harris theory is the one most commonly accepted and that Hager’s 
theory “would seem to be supported by the existence of volcanic 
plugs in the Coastal Plain of Mexico accompanied by many of the 
Texas phenomena.” 


1 A. L, Day and G. F. Becker, ‘On the Linear Force of Growing Crystals,” Wash. 
Acad. Sci., Proc., Vol. 7 (1904), pp. 283-88. 

2 Kugene Coste, “Petroleum and Coals,” Jour. Can. Min. Inst., Vol. 12 (1909), 
Pp. 290. 

3 Marius R. Campbell, ‘‘Historical Review of Theories Advanced by American 
Geologists to Account for the Origin and Accumulation of Oil,” Econ. Geol., Vol. 6 
(1911), PP. 363-95. 

4G. F. Clapp, “The Occurrence of Oil and Gas Deposits Associated with Quaqua- 
versal Structure,” ibid., Vol. 7 (1912), pp. 364-81. 
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Turrentine,’ in 1913, after considering the Hill-Harris and Hager 
theories as possible, concludes that the formation of salt domes as 
the result of great pressure on plastic salt masses of the inclosing, 
less plastic rocks is a theory whose assumptions are less violent. He 
notes that the plasticity of salt masses is a known and not an as- 
sumed quantity, and considers: 

If at ordinary temperatures this quantity is insufficient to account for the 
fluidity which has been exhibited by the masses comprising the salt domes, it 


may be easily assumed that the salt was warmed to its melting-point by volcanic 
heat. 


He further considers: 


The formation of salt domes, then, would be the result of ascending columns 
of fused sodium chloride. Recrystallization would occur when the surface had 
been approached, being induced by lower temperature or lower pressure, or 
both. Crystal formation, as suggested by Harris, may have added its forces to 
the pressure of the ascending molten mass. 


Cowles,? in 1913, suggested osmotic pressure of diffusing fresh 
water above salt water under a hydrostatic head as a cause of ‘‘burst- 
ing upward” where resistance is least to form a salt dome. 

Lucas,? in 1914, states that he “has long held the opinion that 
igneous rock in the form of laccoliths, batholiths, or sills may under- 
lie the salt domes of Louisiana, Texas, and elsewhere.’ He further 
states that he has “held the opinion, with Mr. Coste, that emana- 
tions of gas through these domes constitutes evidences of volcanic 
origin,” but that “the salt was not deposited by evaporation, but 
must have been deposited by saline waters ascending from great 
depths.” 

In another paper reaffirming his theory of volcanic origin of oil, 
Coste continues with regard to salt domes: 


That these are solfataric volcanic emanations is made plain by the occur- 
rences of oil a little farther south, along the same coastal plain, in Mexico. There 
one can actually observe numerous volcanic necks of olivine basalt, scattered at 


1 J. W. Turrentine, “The Occurrence of Potassium Salts in the Salines of the United 
States,” U.S. Dept. of Agriculture, Bureau of Soils, Bull. 94. Washington, 1913. 

2A. H. Cowles, Min. & Met. Soc. Amer. Bull. 57, Vol. 6 (1913), Pp. 44- 

3 A. F. Lucas, “Discussion of Hoefer’s Paper on ‘The Origin of Petroleum,’”’ Trans. 
Amer. Inst. Min. Eng., Vol. 48 (1915), p- 494. 
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wide intervals, and also distributed along fault lines similar to the lines con- 
necting the salines of Texas and Louisiana.? 

Washburne,? in 1914, seems to favor the theory of volcanic 
origin, regarding the salt as having been precipitated from saturated 
brines of sedimentary origin by hydrochloric acid from igneous in- 
trusions. 

Siebenthal,3 in 1915, after reviewing current theories of salt-dome 
origin, concludes in favor of deposition from solution from alkaline- 
saline, sulphureted waters of artesian origin and that “the very close 
similarity of the deposits and the artesian waters of the saline domes 
to those of the Joplin region indicates similarity of origin.’”’ His con- 
sideration of the domes is confined chiefly to Belle Isle, where 
Veatch? had noted the presence of fairly large masses of galena, 
sphalarite, pyrite, chalcopyrite, and barite in clay strata over the 
salt. 
Norton,’ in 1915, suggested still another somewhat complex 
variation of the volcanic and deposition from solution theories. He 
regarded the initiation of the domes as resulting from “‘the intrusion 
of molten rocks into the underlying Paleozoic sediments along lines 
of structural weakness.’ He postulated the building up of a pipe of 
calcareous sinter and gypsum from hot-spring deposits—contem- 
poraneously and balanced with continued sinking of the coast and 
deposition of sediments, the dissolving of the lower part of this 
sinter pipe and deposition of salt from solution in the space formerly 
occupied by it, and the covering of the whole, in the case of the 
coastal domes, by 1,000 feet of later Tertiary sediments. 

Dumble® regards this theory as one “which seems a step in ad- 
vance of former ones,”’ but Harris, in discussing the theory, points 


tE. Coste, ‘Rock Disturbances Theory of Petroleum Emanations vs. the Anti- 
clinal or Structural Theory of Petroleum Accumulations,” 7bid., p. 510. 


2C. W. Washburne, “Chloride in Oil-Field Waters,” ibid., pp. 687-94. 


3 C. E. Siebenthal, “Origin of the Zinc and Lead Deposits of the Joplin Region,” 
U.S. Geol. Surv. Bull. 606 (1915), pp. 208-11. 


4“The Five Islands, Louisiana,” of. cit. 


5. G. Norton, “The Origin of the Louisiana and East Texas Salines,” Trans. 
Amer. Inst. Min. Eng., Vol. 48 (1916), pp. 502-11. 


6E. T. Dumble, ‘“The Occurrence of Petroleum in Eastern Mexico as Contrasted 
with Those in Texas and Louisiana,” ibid., Vol. 52 (1916), p. 263. 
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out the lack of evidence of volcanic activity, in fact, the evidence 
against such activity, and particularly the entire neglect of the 
theory to suggest any satisfactory explanation of the dome structure 
which is so marked a characteristic of this form of salt deposit. 

Lucas,* in 1917, after vaguely invoking volcanic origin, merely 
states: “As to the manner in which the salt with its gas and oil 
inclusions attained its present position, at a depth of 1,500 to 3,171 
feet—whether in solution or as semi-plastic mass, has never been 
satisfactorily explained.” 

Kennedy, the dean of American salt-dome students, in 1917 
suggested that the salt masses were formed by precipitation of salt 
and calcareous minerals from thermal springs in small depressions 
or ponds along lines of weakness corresponding to the present dome 
alignment, on a gradually sinking coast, and that the source of the 
salt was Tertiary and younger rather than Paleozoic rocks. This 
theory differs but slightly from that of Norton and seems to be open 
to similar criticism. 

Shaw, in discussing the various possible origins, presents no con- 
clusions, but notes that in his study of the mud lumps of the Missis- 
sippi Delta, the question arose of whether salt domes might not be 
due to isostatic forces, to some gravity-induced solid or semi-solid 
flowage. 

Hopkins,‘ in 1917, expressed the view that the structural condi- 
tions found at salt domes are such as “‘are most commonly produced 
by igneous intrusion, of which no direct evidence has been found in 
any of the numerous salt domes of the Gulf Coast,” and that it is 
quite probable that the forces forming the domes “were connected 
with igneous activity.” 

Deussen.5 in 1918, stated that he was “inclined somewhat to the 


tA. F. Lucas, “A Review of the Exploration at Belle Isle, Louisiana,” ibid., Vol. 
57 (1918), pp. 1034-55. 

2 William Kennedy, ‘Coastal Salt Domes,” Southwestern Assoc. Pet. Geol. Bull., 
Vol. 1 (1917), PP. 34-59- 

3 E. W. Shaw, “Possibility of Using Gravity Anomalies in the Search for Salt-Dome 
Oil and Gas Pools,” Science, N.S., Vol. 46 (1917), pp. 553-56. 

4 Oliver B. Hopkins, ‘The Palestine Salt Dome, Anderson County, Texas,” U.S. 
Geol. Surv. Bull. 661G (1917), p. 264. 

s Alexander Deussen, “Review of Development in the Gulf Coast Country in 
1917,” Amer. Assoc. Pet. Geol. Bull., Vol. 2 (1918), p- 37- 
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belief that the dome formation is originally initiated by volcanic 
action.” 

Matteson,’ in 1918, reviewed the principal theories of dome 
origin, stating objections to all of them, and concluding that the 
Harris theory “is one of the most ingenious that has been pro- 
pounded, conforms with the field evidence, is plausible, and has been 
generally accepted by geologists familiar with the Gulf Coast 
region,” and that “it forms an excellent, reliable working hypothesis 
in conducting field operations.”’ This paper was more notable for 
the discussion which it aroused than for any original contribution to 
the subject. It provoked Lucas to reaffirm his adherence to the 
theories of Hager and Coste; G. Sherburne Rogers attacked the dep- 
osition from solution theories on grounds of quantitative sufficiency 
and guardedly advanced the theory of salt intrusion; Shaw objected 
to the theory of isostatic flowage on the grounds that the coastal 
plain sediments were lighter than salt. Coste restated his volcanic 
theory as follows: ‘I not only believe in the volcanic rocks under 
these domes but believe that the salt, the sulphur, and the hydro- 
carbon emanations are also absolute, direct emanations from below.”’ 
Kirby Thomas advanced a variation of the deposition from solu- 
tion theory. Washburne supported Roger’s objections to the Harris 
theories and preference for the theory of salt intrusion. Anson G. 
Betts proposed a very improbable theory postulating the dissection 
of a salt bed by erosion, the burial of the buttelike outliers by sedi- 
ments and the subsequent settling of the sediments. Kennedy de- 
fended the deposition from solution theories against Rogers’ attack 
and suggested the Tertiary and Cretaceous as a source of the salt, 
rather than the Permian, objecting that the Permian was probably 
not present under the salt-dome region. 

In this discussion, Rogers noted ‘‘the discovery, during the past 
summer, of volcanic ash in the sediment around one or two of the 
domes, of a rock resembling a porphyry in a well at Damon Mound; 
and of an undoubted igneous plug about fifty miles north of the salt- 
dome belt.” Unfortunately, in the untimely death of Rogers we lost 
one our most interested and advancing students of this problem. It 


«W. G. Matteson, “Principles and Problems of Oil Prospecting in the Gulf Coast 
Country,” A.I.M.E., Vol. 59 (1918), pp. 435-01. 
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was impossible to get definite information on these reported occur- 
rences of igneous rock. In his subsequent paper on intrusive origin, 
Rogers repeats his note on volcanic ash and on the igneous plug, but 
makes no further reference to the “rock resembling porphyry in a 
well at Damon Mound.” The occurrence of volcanic ash is of no 
particular significance, and Pratt,’ after an investigation of this re- 
port, concludes that the “igneous plug” is porcelanite from Grimes 
or Brazos County; that the “porphyry” is sedimentary rock fused by 
the frictional heat of core drilling, and that “‘it is likewise probably 
true that no rock of igneous*character other than fused core-barrel 
samples has been obtained from Gulf Coast wells.”” This is doubtless 
the explanation of these references, but it is odd that Rogers, who 
had studied and published on porcelanite in the northwest, where it 
is of such common occurrence, should have mistaken these Texas 
outcrops. 


THIRD PERIOD (1916-25); STRUCTURAL OR SALT- 
FLOWAGE THEORIES 


The theory of formation of American salt domes through the 
flowage of salt under pressure, and adaptation, so to speak, of the 
most generally accepted European theory of salt-structure origin, 
was foreshadowed by Lucas? in his statement that the salt of Jeffer- 
son Island seems to have been folded and contorted while still in a 
plastic condition; by Turrentine’s conclusions regarding origin; by 
Shaw? in his query as to whether salt domes might not be due to 
isostatic forces, to some gravity-induced solid or semi-solid flowage; 
by Hahn’s‘ description of European deposits; and by the experi- 
mental work of Adams’ and Johnston and Adams’ on the flowage of 
salt under pressure. 

t Wallace E. Pratt, “A Note on the Supposed Evidence of the Volcanic Origin of 
Gulf Coast Salt Domes,” Bull. Amer. Assoc. Petrol. Geol., Vol. 5 (1921) pp. 91-94. 

2 Op. cit. 3 Op. cit. 

4F. F. Hahn, “The Form of Salt Deposits,” Econ. Geol., Vol. 7 (1912), pp. 120-35. 

s Frank D. Adams, “‘An Experimental Investigation into the Action of Differential 
Pressure on Certain Minerals and Rocks, Employing the Process Suggested by Pro- 
fessor Kick,” Jour. Geol., Vol. 18 (1910), p. 489. 

6 John Johnston and L. N. Adams, “On the Effect of High Pressures on the Physical 
and Chemical Behavior of Solids,” Amer. Jour. Sci., Vol. 35 (4th series, 1913), p. 251. 
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The theory was put forward seriously for American domes in 
1917-18 by Van der Gracht, the writer, Dumble, and G. Sherburne 
Rogers, and has been most favorably received. 

Van der Gracht, one of the first of European geologists to become 
intimately acquainted with our salt-dome problems, after discussing 
the German and Roumanian salt structures and their similarity with 
those of the Gulf Coast, concluded: 


I consider these saline plugs as having been pushed upwards by orogenic 
pressure, and not by recrystallization forces inherent in the rock salt. It is my 
firm belief that the intense lateral pressure has caused the rock salt to behave 
as a plastic mass and has squeezed it upwards not unlike a volcanic neck, 
wherever the overlying strata afforded a weak spot inviting passage." 


He regarded recrystallization as taking place but as an effect and not 
as a cause. 

The writer, in 1918, reviewed the theory of volcanic origin with 
special reference to the suggested analogy with the oil fields of the 
Tampico-Tuxpam region, and concluded: 


The lack of evidence of any considerable volcanic activity in the salt-dome 
regions of Texas and Louisiana or in the salt-dome region of the Isthmus of 
Tehuantepec, Mexico, as well as the entire absence of any salt masses of the 
nucleus type in the Tampico-Tuxpam region, Mexico, a region of considerable 
volcanic activity, would seem to argue most strongly against the acceptance of 
the volcanic theory of salt dome origin. .... 

Finally, since the attractiveness of the theory of volcanic origin of salt dome 
lies in the similarity of structural effect produced by the intrusion of the salt 
in many domes to that produced by the intrusion of the igneous rock of a vol- 
canic neck or plug, it follows that we are interested in the conditions and forces 
which caused the salt to act in a manner so like to that of an igneous 


Rather, the structure of the domes would seem to make it evident that the 
salt itself must have flowed. Such flowage was most likely due to great pressure 
exerted upon buried salt masses by the weight of overlying rocks, and at con- 
siderable temperatures and probably accompanied, as has been suggested by 
van der Gracht, by recrystallization of the salt.? 


tW. A. I. M. von Waterschoot Van der Gracht, ‘‘The Saline Domes of North- 
western Europe,” Southwestern Assoc. Pet. Geol. Vol. 1 (1917), pp. 85-92. 

2 E. DeGolyer, “The Theory of Volcanic Origin of Salt Domes,” A.J.M.E., Vol. 61 
(1919), pp. 456-77. 
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In the discussion of this paper, J. A. Udden stated that neither 
this theory nor the volcanic theory explained the cap rock and held 
that, whatever theory might be developed, the Hill-Harris theory, 
which he evidently regarded as satisfactorily explaining the cap 
rock, was not likely to be entirely replaced. 

Dumble, in his discussion of the same paper, gave an extended 
description of the domes, and put forward a theory which is essen- 
tially an intrusion theory but also, by definition, a volcanic theory 
and one which seems to the writer very interesting and one of the 
most plausible theories propdsed to meet our own special problem. 
His conclusions are as follows: 


The character and structure of the domes show conclusively that they are 
the result of orogenic action and that this activity has been manifested at 
different times and in different degrees. 

The interior domes and the Sabine Peninsula were begun by crustal move- 
ments at the end of the Upper Cretaceous, and were involved in later move- 
ments at the end of the Lower Eocene and during the Claiborne or Middle 
Eocene, resulting in total elevations of 2,500 feet [762 m.] or more above their 
normal horizon. 

Similarly, the coastal domes were elevated by orogenic forces acting after 
the deposition of the Lafayette and prior to that of the Port Hudson clays. 
The elevations in this case are fully as great as in those of the interior domes, as 
is proved by drilling. In the case of Damon Mound, the elevation does not 
appear to have entirely ceased, since the San Bernard River, flowing on its 
western side, seems to be still cutting its canyon where it crosses it, although to 
the north and south its banks are low and flat. The movements are most prob- 
ably the result of isostasy. 

According to the writer’s point of view, the question of vulcanicity cannot 
enter into the origin of the materials of which the domes are composed, since, 
although salt may be formed by volcanic emanations, we have here no need to 
invoke such a theory of its origin, since a more natural one is probable. Neither 
is it believed to be the actual dome producer, but rather an accompanying factor 
or feature of the forces which caused them. 

Both salt and aahydrite become liquid at far lower temperatures than any 
lava, and existing in considerable bodies, as they probably did here, could be 
readily forced into any opening caused by flexures or faulting of the crust above 
them more easily than a plug of basalt. Apparently this is what has occurred, 
and since the term vulcanism is used by Chamberlin and Salisbury “to embrace 
not only volcanic phenomena in the narrower sense, but all outward forcing of 
molten material, whether strictly extrusive or merely ascensive,” it is thought to 
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cover the phenomena of the intrusive salt, gypsum, and anhydrite stocks in 
these domes, as fully as if the stocks were basalt or other rock material. 


Rogers, shortly afterward, published an exposition of the 
European theory and suggested the application of the theory of dome 
formation through salt flowage to the American domes. He described 
the development of the theory in Europe, the general outlines of the 
nature of European salt structures, and the plasticity of salt, and 
concluded: ‘The writer is inclined to believe that the Gulf Coast salt 
domes, like those in northwestern Europe and Roumania, are off- 
shoots of bedded salt deposits, formed and forced upward by pressure 
in a semi-plastic condition.” _He argues Permian deposits of bedded 
salt as the most likely source of the salt and pressure by lateral 
thrusting of deeply buried rocks as the most plausible source of 
pressure, pressure occasioned by igneous intrusion (batholithic) as 
possible, and by isostatic adjustment as improbable. He argues that 
cap rock may have been formed by precipitation from solution by 
ground waters, and that we are hardly justified as yet in accepting 
the German view of regarding the cap rock as a residue left from the 
dissolving of the salt dome. Rogers also quotes Mrazec, notable for 
his studies of Roumanian salt structures and who had recently 
visited the Gulf Coast region, as agreeing to the intrusive origin of 
the domes. He quotes Becker, upon whose work on the force exerted 
by growing crystals Harris bases his theory of dome uplift through 
the power of crystallization, as follows: 


T do not for a moment believe that the linear force of growing crystals has 
caused intrusion of salt plugs or doming of the sediments. It may to some extent 
have modified the action on the walls and have aided in causing distortions 
within the mass. Recrystallization of the salt 77 situ would obliterate the strains 
in such crystals. 


In a discussion of this paper, the writer? argued for the formation 
of the cap rock by deposition from solution after the salt mass had 
been formed and, citing Cameron’s experiments upon the solubility 
of gypsum in saline solutions, suggested that the salt might have 

*G, Sherburne Rogers, “Intrusive Origin of the Gulf Coast Salt Domes,” Econ. 
Geol., Vol. 13 (1918), pp. 447-85. 


? E. DeGolyer, “Origin of the Cap Rock of the Gulf Coast Salt Domes,” ibid., pp. 
616-20. 
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been the agent which precipitated gypsum or anhydrite from solu- 
tion. 

Lucas,‘ in 1918, again advocated the volcanic origin of the salt 
domes and, by the publication of a hypothetical section, rather 
cleared up his previously expressed ideas. His section shows the salt 
dome above a laccolith and separated from it by arched beds of 
Cretaceous and younger rocks. 

The writer,’ in 1919, suggested that the formation of the interior 
group of salt domes was of comparatively recent date and might not 
yet be complete. He questioned whether a salt dome whose forma- 
tion can be established beyond doubt as having occurred in pre- 
Tertiary time can be cited, and suggests that theories of origin im- 
plying long life or great age for a dome should be looked upon with 
suspicion. 

Powers,’ in 1920, regarded the tectonic theory of dome origin as 
acceptable, granted the existence of a source bed of salt. 

Lucas, in 1920, presented his last statement as follows: 

According to my present views, the salt domes occur on lines of structural 
weakness that are responsible for the location of the plugs of salt, whether the 
latter originated from solutions, as I have been inclined to believe, or are pro- 
ducts of extrusion from the deeply buried older formations, whose thrusting or 
faulting is responsible for the “pre-existing weakness” already mentioned. .... 

Further movement along the line of weakness may well have occurred sub- 
sequent to the original dislocation and possible saline extrusion, and it is along 


fractures thus produced in the salt plugs that the sulphur and other caprock 
materials have been brought to the surface.4 


White,’ in 1920, referred to the “‘pressure theory of the origin of 
the salt plugs” as one ‘“‘which seems to demand acceptance.” 


: Anthony F. Lucas, “Possible Existence of Deep-seated Oil Deposits on Gulf 
Coast,” A.J.M.E., Vol. 61 (1919), pp. 501-19. 

2. DeGolyer, “The West Point, Texas, Salt Dome, Freestone County,” Jour. 
Geol., Vol. 27 (1919), pp. 647-63. 

3 Sidney Powers, ‘The Butler Salt Dome, Freestone County, Texas,”’ Amer. Jour. 
Sci., Vol. 49 (1920), pp. 127-42. 

4A. F. Lucas, “Urgency for Deeper Drilling on the Gulf Coast,” Trans. Amer. 
Inst. Min. & Met. Eng. Preprint No. 1004, 1920. 

s David White, “Genetic Problems Affecting Search for New Oil Regions,” ibid., 
Vol. 65 (1920), pp. 176-98. 
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Mills and Wells in r9r9, advanced the theory that among the 
possible causes of deposition of salt-dome materials from solution 
is the evaporation of water from solution by expanding gases. Ac- 
cepting the intrusion theory of dome origin as possible, they advance 
the effect of evaporation as having played a large part in the forma- 
tion of the domes, but do not claim that the theory fully explains 
their formation. 

Washburne,’ in 1920, attacked the Mills and Wells hypothesis of 
precipitation from solution by evaporation as an explanation of 
origin. The argument against this theory specifically was largely on 
the grounds of quantitative insufficiency. Deposition from solution 
theories generally were held improbable, because of dilution of the 
hypothetical rising salt solution by meteoric waters, particularly 
artesian waters, and consequently salt would not be deposited. 
Washburne regards the theory of intrusive origin as more acceptable. 
He pointed out limitations of the writer’s suggestion of cap-rock 
deposition from solution by increased salinity. 

Matteson,? in 1921, attacked the theory of intrusive origin as 
set forth by Rogers and proposed a theory of ‘‘secondary intrusion” 
which postulated the deposition of salt masses and limestone from 
solution, largely through gas evaporation of the water; initial move- 
ment and uplift through the force of crystallization, and increase in 
volume by the conversion of limestone into gypsum; and secondary 
intrusion by salt flowage resulting from lateral thrust and compres- 
sion. This theory seems to be a merger of most previously expressed 
theories and in sum total inherited more of their weakness than of 
their strength. Nor was its author happier in his attempt to dis- 
credit the very actual analogies between European and American 
salt structures by a catalogue of their differences and neglect of their 
similarity.4 

tR. van A. Mills and R. C. Wells, “Evaporation and Concentration of Waters 
Associated with Petroleum and Natural Gas,” U.S. Geol. Surv. Bull. 693, 1919. 

2C. W. Washburne, “Oil-Field Brines,”’ Trans. Amer. Inst. Min. & Met. Eng., 
Vol. 65 (1921), pp. 269-94. 

3 W. G. Matteson, “Secondary Intrusive Origin of Gulf Coastal Plain Salt Domes,” 
ibid., pp. 295-334. 


4 No one can read the Washburne and Matteson papers and their discussions with- 
out delight at the various solemn warnings against the sins of speculation in dealing 
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Barton,’ in 1921, gave favorable consideration to the theory of 
intrusive origin of the salt at West Columbia, explaining in consider- 
able detail the probable similarities and differences between the 
intrusion of a salt plug and of a volcanic neck. He rejected, for 
American domes, the European theory that cap rock is a residual 
deposit resultant upon the solution of an impure salt mass on the 
grounds that the salt of the American domes is extremely pure and 
that the cap rock does not always cling closely to the surface of the 
salt mass as would residual material. 

Cheney,” in 1922, advanced a theory that the Texas interior 
domes, except Grand Saline, occur on the crest of an anticlinal fold 
parallel to the Balcones fault and Mexia anticline. He regarded the 
salt as of Middle or Lower Cretaceous age, the domes to have been 
formed by cross-folding and erosion in pre-Tertiary time, and the 
apparent vertical thickness of the salt is ascribed to close folding, 
and dome structure in the younger formations to continued folding. 
This theory was discussed by Heald,3 who regards it as ‘“‘based en- 
tirely upon assumptions, none of which can at present be verified, 
and some of which seriously tax the imagination and credulity,” and 
disposes of it in some detail. 

In 1923, Powers and Hopkins‘ concluded that “‘the deposition of 
salt from solution in fissures or other openings seems to be a self- 
limited and inadequate process to account for the domes” and in the 
lack of information that would suggest any other explanation “‘pre- 


with this subject of dome origin. The truth is that whoever touches this enticing subject 
within the present century, and perhaps for longer, is bound to indulge freely in specula- 
tion. The problem is so broad, the factors involved are so numerous, and the work to 
be done with regard to salt structures is so great that we cannot for many years to come 
expect to hedge our tendencies to speculate to any very narrow range by the limits of 
exact knowledge. 

tD. C. Barton, “The West Columbia Oil Field, Texas,” Amer. Assoc. Pet. Geol. 
Buil., Vol. 5 (1921), pp. 222-51. 

2 Charles A. Cheney, “Salt Domes of Northeastern Texas,” Oil and Gas Jour., 
Vol. 20 (Jan. 6, 1922), No. 32, pp. 82-83. 

3K. C. Heald, “Salt Domes of Northeastern Texas. A Review,” Amer. Assoc. Pet. 
Geol. Bull., Vol. 6 (1922), pp. 58-59. 

4Sidney Powers and Oliver B. Hopkins, “The Brooks, Steen, and Grand Salt 
Domes, Smith and Van Zandt Counties, Texas,” U.S. Geol. Surv. Bull. 763 (1923), 
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sented the tectonic theory as best explaining the origin of the domes 
of Louisiana and Texas.” 

White, in a very recent paper, in considering the gravity anom- 
alies observed at Damon Mound, states: 


Admitting that the salt is extruded, it would hardly be forced to overcome 
so great resistance except by powerful lateral thrusts, first forming an anticline, 
and later presumably overturning the fold before producing the fracture or tear- 
ing of the deeper consolidated strata through which the salt might press upward 
on lines of least resistance. Faulting or overturned buckling beneath the plug is 
a normal geologic probability. The movement squeezing the salt upward across 
thousands of feet of strata is possibly post-Miocene.t 


Deussen,? in 1924, published the results of work done some years 
previously in southwestern Texas. He describes several salt domes 
but reaches no very definite conclusion regarding origin. He states, 
“Salt domes represent intrusions of massive saline cores into sedi- 
mentary formations,” and notes that there are three main theories 
of origin: the volcanic, deposition from solution, and salt-flowage 
theories. He regards the theory of precipitation from ascending solu- 
tion as “more likely” than the theory of volcanic origin. 


DISCUSSION OF TYPES OF THEORIES 


The problem of developing an acceptable theory to explain the 
origin of the salt domes of North America—of the Texas and Louisi- 
ana province—is essentially one of trying to explain, in the simplest 
manner possible, the formation of these peculiar structures by known 
and adequate geologic processes. The theory which best meets this 
requirement is more rational and less speculative than one which 
does not, and as such is entitled to at least a tentative general ac- 
ceptance. The most complicated theory yet put forward, and this 
is saying a great deal, may be the correct one, but probabilities are 
strongly against it and we are here dealing with probabilities rather 
than possibilities. 

The solution of the problem has not been possible in the past in 
the insufficient state of our knowledge. The probable alternative 

* David White, “‘Gravity Observations from the Standpoint of the Local Geology,” 
Geol. Soc. Amer. Bull., Vol. 35 (1924), pp. 207-77. 
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hypotheses for methods of salt-dome origin have been well outlined 
by previous students of the problem. 

The writer has no new theory to propose. The weight of the evi- 
dence which has been accumulating with increasing rapidity during 
the past very few years has been, however, cumulatively in favor of 
the sedimentary salt-flowage theory, and now with the recent dis- 
covery at Markham the writer believes that this theory has been 
established with a high degree of scientific probability. 

The theories of dome origin already put forward fall into four 
general groups: (1) those regarding the domes as old outliers; (2) 
those regarding the salt-dome materials—the salt core and cap rock 
—as having been precipitated from solution; (3) those regarding the 
domes as of volcanic origin; and (4) those regarding the salt as a 
plastic or semiplastic body forced by pressure into its present posi- 
tion. All of the theories which seem to be worthy of serious con- 
sideration belong to one of these groups or, with variations and com- 
binations, to two or more of them. 

1. The first group of theories—those which regard the domes as 
old Cretaceous outliers in Tertiary seas—belong to the earliest 
stages of our study of salt domes. They received general acceptance 
in their time, but were discarded when we began to know something 
of dome structure, and they now no longer demand serious considera- 
tion. 

2. The deposition from solution theories, first advanced by Goes- 
mann, and in greater detail by Hill and Harris, are not acceptable 
in their simpler forms, since they offer no adequate explanation of 
the uplift of the strata overlying and contiguous to the salt. An 
attempt is made to remedy this deficiency by an appeal to the force 
supposed to be exerted by growing crystals—a modification of the 
theory which was suggested by Fenneman and elaborated by Harris. 
This modified theory has received favorable consideration and wide- 
spread acceptance, but is not acceptable to the writer. He does not 
believe that such immense bodies of salt—stocks averaging a mile in 
diameter and thousands of feet in thickness—were ever deposited 
from solution, nor does he believe that the ingenious appeal to force 
exerted by growing crystals can satisfactorily explain the tremen- 
dous forces which evidently operated in the formation of the dome. 


Be E. DEGOLYER 


Brines are of the commonest and most widespread occurrence, yet 
comparatively pure salt deposits which can be proved definitely to 
have been deposited from solution, except in bedded deposits, are 
rare indeed, and quantitatively of distinctly minor importance. Nor 
can it yet be established that the force exerted by crystals growing 
from aqueous solution, as proposed by Harris, has ever operated on 
a scale adequate to explain force of the magnitude operative in the 
formation of salt domes. Harris cites the compression of shales en- 
veloping a calcareous concretion as evidence of the actual operation 
of this force as a geologic process, but as negative evidence we have 
any number of mineral deposits, known to have been deposited from 
solution and of minerals which should exert even greater forces in 
crystal growth than most salt, where there is lack of evidence of 
force of crystal growth of anything like the magnitude necessary to 
explain salt-dome formation. It is worthy of note that Becker, the 
geophysicist upon whose experimental work on the force exerted by 
growing crystals the Harris theory largely rests, concludes: ‘I do 
not for a moment believe that the linear force of growing crystals 
has caused intrusion of salt plugs or doming of the sediments.”’ 
Furthermore, the mechanics of the Harris theory is weak. The 
formation of a salt mass of dome magnitude would have had to be a 
slow and relatively continuous process in order to provide enough 
brine to supply the salt. The writer cannot conceive of free brine 
circulation—the arrival of fresh brine and escape of the lean solution 
—in a cavity, where the salt already deposited is exerting a pressure 
great enough to lift thousands of feet of strata. The process would 
seem to be self-inhibiting long before a salt dome could have been 
formed. The only variations of the theory of deposition from solu- 
tion which ovetcome this difficulty, those of Norton and Kennedy, 
do not explain the dome uplift. 

3. The theories of volcanic origin, first proposed as a pure specu- 
lation by Thomassey and more seriously by Lee Hager and Veatch, 
are worthy of serious consideration, if for no other reason, because 
they have appealed so generally to the men most intimately ac- 
quainted with the North American salt domes. Lee Hager, Lucas, 
Deussen, Clapp, Veatch, Dumble, Oliver B. Hopkins, and Wash- 
burne have at one time or another expressed themselves as favorably 
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inclined toward a theory of volcanic origin. The writer believes that 
this general appeal results from the fact that structurally an igneous 
plug is the only geological feature known to us which even remotely 
resembles a salt dome, and the similarity of the two is indeed strik- 
ing. He believes, however, since the salt in the one occupies the same 
structural position and evidently performed the same uplifting func- 
tion as the igneous magma in the other, that if the problem had been 
more clearly thought out, we would have concerned ourselves with 
the conditions and forces which caused the salt to act in a manner 
so like to that of an igneous magma instead of appealing to vol- 
canic origin to explain salt domes. 

All theories of volcanic origin are open to the objection that there 
is no positive evidence of volcanic activity in the salt-dome regions 
of North America, an objection well recognized by proponents of the 
theory. The comparatively high temperatures of the oil and waters 
associated with the domes, as well as the high sulphur content of the 
oils, may be interpreted as evidence of vulcanism, but they are 
susceptible of other explanations and are not at all conclusive. The 
occurrence of oil in association with volcanic rocks in the Tampico- 
Tuxpam region of Mexico has been cited many times in support of 
this theory, but the Mexican occurrence is some hundreds of miles 
removed from the salt-dome region of Mexico and has no definite 
bearing on the matter in any way. 

All of the theories of volcanic origin are open to the further very 
definite objection that no important salt deposits ascribable to vol- 
canic origin are known elsewhere in the world. Surely, if salt deposits 
of dome magnitude are the result of volcanic action, we should 
find at least an occasional important salt deposit in regions of 
known volcanic activity which could be proved to’ be of volcanic 
origin. 

The volcanic theories which suppose that the salt of the domes 
was deposited from solution, such as Hager’s theory or, more vague- 
ly, from ‘‘emanations,”’ such as the theories of Coste and Lucas, are 
open to the same objections as the other deposition from solution 
theories. 

Dumble’s theory is a tectonic theory rather than a volcanic 
theory, though he evidently appeals to conditions similar to those 
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supposed to give rise to lava pockets" to bring about the plastic or 
liquid conditions of deeply buried salt and anhydrite and thus pro- 
mote its free flowage, and he refers to this process as included within 
Chamberlin and Salisbury’s definition of volcanic phenomena. 

4. The tectonic, structural, intrusion, or salt-flowage theories of 
salt-structure formation were first developed by European geologists 
to explain the origin of the salt structures of Germany and Rou- 
mania. Its application to the American problem was suggested by 
Hahn and Turrentine and was seriously put forward by Van der 
Gracht, the writer, Dumble, and G. Sherburne Rogers. 

All of these theories postulate a deeply buried bed of salt of 
sedimentary origin and flowage in a semiplastic state, under pressure 
induced by orogenetic movements, or the weight of superincumbent 
strata to its present position. This, briefly, is the intrusive-origin 
theory. The writer believes it to be the most acceptable and most 
rational of the theories put forward to explain the origin of salt 
domes. It has the very definite and, to the writer’s mind, conclusive 
superiority over all other theories of being equally suitable as ap- 
plied to salt structures in general. Granting, for the sake of argu- 
ment, the claims of their proponents to the validity of theories of 
deposition from solution or volcanic origin, or their various combina- 
tions, as satisfactory explanations of the origin of American salt 
domes, they lose nine-tenths of their attractiveness if they do not 
break down entirely, when an attempt is made to apply them to 
other forms of salt structures such as the long anticlinal ridges of 
Germany and Mexico. This objection, to the writer’s mind, is de- 
cisive, since the genetic kinship of all forms of salt structures, in- 
cluding salt domes, is obvious. Furthermore, the tectonic theory 
seems to have been established for German salt structures, where the 
age and source beds of the salt are known, beyond reasonable doubt. 


ORIGIN OF THE NORTH AMERICAN DOMES 


The writer firmly believes that the North American salt domes, 
i.e., the salt structures of the Texas-Louisiana province, are plugs of 
salt intruded into previously almost undisturbed Tertiary and Cre- 


t See the chapter on “The Origin of Pockets of Molten Rock” in W. H. Hobbs’s 
Earth Evolution and Its Facial Expressions. New York, 1921. 
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taceous formations from deeply buried salt structures; that these 
deeply buried salt structures were formed by orogenetic forces; and 
that the flowage of the salt in a plastic or semiplastic state from 
original bedded deposits was induced by compression resulting from 
folding. 

That the salt plugs are intruded into their present position by 
salt flowage under pressure from below, the writer considers to be 
reasonably established. Salt has been shown to be plastic or semi- 
plastic and to flow under pressure. Highly folded, or semiflow struc- 
ture has been found in the salt core of every salt structure where 
opportunity exists for its adequate examination, so far as is known. 
This is true for the German, Roumanian, and Mexican salt struc- 
tures and for the Cardona, Spain, salt structure, and it is true for 
the American salt domes. Aside from the general relationship and 
arrangement of the salt-dome materials and contiguous rocks, this 
flow structure in the salt is the most common characteristic of salt 
structures. The upturned contiguous sedimentary rocks, dipping 
away from the salt in all directions, is further evidence that the salt 
core is intrusive, but most striking of all is the great uplift of the 
rocks overlying the salt-dome material. The Woodbine sands out- 
crop at the surface of the Palestine, Texas, salt dome where, except 
for the structural disturbance arising from the formation of the 
dome, one would expect to find Mount Selman beds—indicating an 
uplift of 3,200-4,200 feet. Jurassic limestones are found at the sur- 
face of the Tonolapa structure, near Chinemeca, Vera Cruz, where, 
except for the structure, one would expect to find beds of Miocene 
or younger age, indicating an undetermined uplift, for the section is 
not well known, but probably of the magnitude of 10,000 feet as a 
minimum. Van der Gracht cites Heligoland, which he regards as a 
salt structure, as indicating an uplift of some 20,000 feet. Uplifts 
of this magnitude in very sharp and narrowly defined domes, 
especially in areas of otherwise little or no structural disturbances, 
are almost impossible to explain except as the result of salt intrusion 
from below. 

The writer considers that the salt domes of the coastal and 
interior groups are of contemporaneous origin. He holds this view 
in the absence of contrary evidence, and because it seems quite im- 
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probable that two independent groups of so unusual type of phe- 
nomena as salt domes should have been formed independently so 
near to each other in a single geologic and geographic province such 
as the Cretaceous-Tertiary overlap of the Gulf Coastal plain. 

Dumble has suggested a different geologic history for the domes 
of the interior group from those of the coastal group, and Deussen, 
Powers, O. B. Hopkins, Dumble, and other salt-dome students con- 
clude for intermittent growth of the domes, their argument being 
based on evidence of apparent lacunae in the geologic section ob- 
served at the surface of certain of the Texas interior domes, notably 
Deussen’s statement that the Midway is absent in the Palestine 
dome. The writer has never accepted this theory, holding rather that 
the Midway might yet be found at Palestine or that, if missing, its 
absence in so sharp, steeply folded, and faulted a structure could 
easily be due to mechanical suppression such as is of common occur- 
rence in Roumanian and other salt structures. More recent work 
has resulted in the finding of Midway exposure at Keechi and Pales- 
tine.’ This new evidence would seem to eliminate such bases as 
existed for the arguments cited in favor of separate histories for the 
two groups. 

As to the mechanical progress upward of the salt core, the 
writer is inclined to believe that it would have been somewhat inter- 
mittent. Given a salt body acting as an extremely viscous liquid and 
a more or less constant pressure, upward progress of the salt core, 
assisted doubtless by tidal kneading and water lubrication, would be 
regular and gradual only so long as the material penetration was 
homogeneous. It can be conceived that if the salt core should en- 
counter a sufficiently resistant bed, progress of the core would be 
halted until pressure enough had accumulated to enable it to break 
through and continue its upward growth. There is also some evi- 
dence in domes of the New Iberia, Louisiana, type, that younger and 
smaller salt cores may have sprung from older domes which had 
already reached a state of equilibrium. 

This tectonic theory postulates the existence of a series of sedi- 
mentary rocks containing considerable deposits of bedded salt which 


* Private communication from Donald C. Barton based on examination made by 
Barton and F. B, Plummer and paleontologic determinations by Israelsky. 
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must be older than the oldest rocks known to be involved in the 
formation of any of the domes; that is to say, Lower Cretaceous or 
older. It presupposes, as well, the folding of this series of rocks to a 
degree intense enough to form salt structures before the deposition 
of the oldest rocks involved in the known domes—probably before 
the Upper Cretaceous. 

The weakness of this theory heretofore has been that we have 
had no knowledge of the existence of such bedded deposits of salt. 
The existence of the salt masses themselves is, to the writer’s mind, 
definite evidence of the existence of such older deposits of bedded 
salt, but he grants that this evidence would hardly be admitted by 
one not already strongly convinced of the intrusive nature of the 
salt plugs. The recent discovery of salts containing fossil algae and 
potash salts in the core of the Markham salt dome, however, and 
the discovery of potash salts in the Mexican salt structures seem to 
establish the sedimentary origin of the salt beyond reasonable doubt. 
It may be that further examination of the algae salts will give some 
clue as to age. Dumble argues bedded deposits of Lower Cretaceous 
age as the source of the dome salt, and the finding of anhydrite and 
red beds in the Lower Cretaceous of northwestern Louisiana and 
north Texas, as well as the reputed occurrence of salt itself in the 
Lower Cretaceous near Ojinaga, Chihuahua, give great support to 
his argument. In arguing for a Lower Cretaceous source of salt he 
is supported by so eminent an authority as Professor Schuchert, who 
says ‘“‘The best place to get your salt is from the Comanchean.” 

On the other hand, there is little evidence, in outcrop around the 
perimeter of the Gulf Coastal plain, that the Lower Cretaceous has 
suffered structural disturbances such as are postulated by this theory, 
or sufficient to result in the formation of salt structures. The writer 
would be inclined to consider the age of the salt source beds as pre- 
Cretaceous, but here we are in quite as great difficulties. The exist- 
ence of Jurassic or Triassic rocks is entirely conjectural, and Pro- 
fessor Schuchert opposes the existence of any Paleozoic strata which 
might serve as a source of the salt, it being his opinion that the 
Cretaceous of the Gulf Coastal plain is underlaid directly by pre- 
Paleozoic metamorphics. 


t Personal letter to the writer. 


38 E. DEGOLYER 


If one considers the structure of the Paleozoic rocks around the 
perimeter of the Cretaceous-Tertiary overlap of the Gulf Coastal 
plain as a tectonic frame of reference, he is struck immediately by 
the conformability of the well-determined, northeast-southwest 
alignment of the salt domes of the coastal group to the general trend 
of pre-Cretaceous Appalachian structure, and the almost equally 
marked northwest-southeast alignment, as shown in the Five Islands, 
to the general structural trend of the pre-Cretaceous, Arbuckle- 
Wichita structure. The alignment of the Texas interior domes, on 
the other hand, follows more nearly the trend of the Balcones fault 
system. This argument, vague and indefinite as it is, does not fa- 
vor the theory of Cretaceous salt, but it is not definite in support of 
pre-Cretaceous salt structures. 

We have learned much regarding structure in the Cretaceous 
rocks of the Gulf Coastal plain as a result of the development of the 
Powell, Mexia, and Luling oil fields, and the subsequent geological 
explorations to which they gave impetus, and it may be that at 
some future date we shall possess sufficient knowledge to serve as a 
basis for a more definite conclusion as to the source of the salt of the 
domes. The argument at present favors the Lower Cretaceous, 
though the author cannot escape the feeling that although present 
knowledge may support Professor Schuchert’s conclusion against the 
existence of pre-Cretaceous sedimentary rocks, further investiga- 
tions may bring about a different opinion. 

The cap-rock problem, to the writer’s mind, is separate and dis- 
tinct from the problem of the origin of the salt core of the dome. The 
occurrence of salt domes without cap rock would seem to indicate 
the truth of this assumption. 

The common occurrence of cap rock in salt domes, and even salt 
structures, however, makes a consideration of origin desirable to 
round out any acceptable theory of salt-dome origin. 

Whether one accepts the theory of tectonic origin of the salt 
domes or not, after giving due consideration to the position of the 
cap rock, overlying the flat top of the salt, but in the American 
domes at least seldom extending down its sides, there would seem 
to be but three possible methods of cap-rock formation: (1) as a 
residuum of rocks or minerals, originally interbedded with the salt 
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or disseminated within it, left from the solution of the salt by circu- 
lating waters; (2) as a deposit from solution; or (3) as a formation 
encountered by the salt core during its intrusion from below and 
brought up with it. 

The writer is inclined to regard the theory of residual origin, de- 
veloped by European geologists to explain the cap rock of their salt 
structures, as the most acceptable theory to account for the cap rock 
of American salt domes. During the intrusion of the salt core, ac- 
cording to the adaptation of this theory to our particular problem, 
the upper end of the salt plug would have been dissolved away by 
circulating fresh waters as successive water-bearing strata were en- 
countered, thus forming the flat top so characteristic of our salt 
plugs, and leaving a residue consisting chiefly of anhydrite, which 
was subsequently altered to the cap rock found at present. This 
theory presents no particular difficulties in Germany, the place of its 
origin, since considerable quantities of anhydrite are known to be 
interbedded in the German salt masses. The weakness of the theory 
as applied to American domes is that there is but little evidence of 
considerable quantities of anhydrite in the salt core. For the most 
part, salt cores from American domes show so little anhydrite that 
it, might require the dissolving of too feet or more of salt core to 
leave a residue of 1 foot of cap rock. Occasional samples, however, 
show considerable amounts of anhydrite. 

Chapman’ notes that rock salt encountered in the Hockley dome 
shows “‘some anhydrite in the upper parts of the deposit.” 

Barton notes that the core from 2,110 feet, Fitzsimmons No. 1, 
Brenham salt dome, is described as ‘‘40 per cent salt—6o per cent 
anhydrite.’ He examined a core from 2,172 feet in the same well 
and describes it as “50 per cent salt, 50 per cent saccharoidal an- 
hydrite, interbedded in parallel zones about 1 centimeter thick.” 
He further desczibes these zones as indistinctly bounded and grad- 
ing into one another. The center of the salt bands was pure, clear, 
and transparent salt, and that of the anhydrite zones seemed to be 
pure, medium-grain saccharoidal anhydrite of the characteristic 
salt-dome cap type. 


t Lewis C. Chapman, “The Hockley Salt Dome,” Bull. Amer. Assoc. Pet. Geol., 
Vol. 7 (1923), pp. 297-99. 
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Interbedded salt and anhydrite are also of common occurrence in 
the Mexican salt structures, but here the anhydrite not only occurs 
far down on the flanks, as in the German structures, but is also inter- 
bedded with shale as well. The Mexican occurrences are of a type 
much more complex than elsewhere, so far as is known to the writer. 
It seems probable that in a salt structure such as Ixhuatlan, much of 
the anhydrite encountered in drilling is part of the salt core and is 
in no sense cap rock as we are accustomed to use the term in the 
United States. Much original anhydrite of this type is found in, the 
salt cores of the German structures. True cap rock is also found in 
both the German and Mexican structures. 

Recent drilling at Markham has also resulted in the finding of 
interbedded salt, shales, and anhydrite in a position far down on the 
flanks of the dome. The position of these materials suggests that 
they also may belong to the original salt core. 

The limestone of the cap rock may be material encountered by 
the salt dome in its upward progress—plucked material, so to speak 
—hbut the writer is inclined to regard it and the gypsum as alteration 
products of anhydrite and to regard the sulphur, oil, and other minor 
minerals as secondary accumulations, deposits from circulating 
waters, and alteration products. 


CONCLUSIONS 


In presenting his conclusions, the writer cannot well brief the 
present paper, but prefers to give his own working hypothesis as to 
the origin of the salt domes of North America, i.e., the salt structures 
of Texas and Louisiana. 

The salt and anhydrite of the salt core are believed to have been 
deposited originally in lagoons and embayments before Upper Cre- 
taceous time. The sedimentary origin of the salt would seem to be 
definitely fixed by the discovery of fossil algae and potash in salt 
from the Markham dome as announced in this paper. This period 
of deposition cannot be fixed definitely as older than Lower Cre- 
taceous; indeed, such scant evidence as we possess has a decided 
Lower Cretaceous complexion, and the authority of so eminent a 
geologist as Dr. Schuchert is definitely opposed to carrying the age 
of the salt back to an earlier date. 
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The salt, anhydrite, and the sediments with which they were 
interbedded were closely folded by orogenetic movements. Flowage 
of the salt under compression produced salt structures, which were 
probably of an anticlinal ridge type, similar to those of the Harz 
Mountain (Stassfurt) region of Germany. This period of folding is 
regarded by the writer as essential to the formation of the salt struc- 
tures, and as it must have been more intense than any of the struc- 
tural disturbances which have been found thus far in the Cretaceous 
and younger rocks of the Gulf Coastal plain, this period of folding 
is believed by the writer "to belong to pre-Cretaceous, probably 
Paleozoic, time and is the basis for his inclination to regard the salt 
as of pre-Cretaceous age. This view is further supported by the 
parallelism of the salt-dome alignment to the old Appalachian fold- 
ing and to the old Arbuckle-Wichita folding. 

The entire area of salt structures was submerged and a blanket 
of some thousands of feet of strata of Cretaceous, Tertiary, and 
Recent age was deposited upon it. The salt cores of the structures 
continued to flow, and breaching the old anticlines in which they 
were first formed, some of the more active cores were forced upward 
into the almost level-lying blanket of younger rocks. In their pene- 
tration of the younger rocks, the salt masses were restricted to a 
conical form of almost circular plane section, the form of easiest 
flow and least wall friction. The younger rocks immediately over the 
salt cores were punched through the overlying rocks and, in in- 
stances, lifted thousands of feet. The sedimentary rocks adjacent 
to the salt core were tilted upward into funnel-like structures dipping 
away from the salt in all directions. Resistance afforded by the 
pierced sediments resulted in the blunting of the top of the cone— 
even a mushrooming as at Vinton, Anse le Butte, Keachi, and other 
domes. Through continual solution of the upper part of the salt 
core, eaten away by circulating waters, the anhydrite, originally pres- 
ent as disseminated granules in the salt as in the salt bands of the 
Five Islands, or interbedded as at Brenham and perhaps at Mark- 
ham, was left as a residue which formed the cap rock. By hydration, 
part of the anhydrite became gypsum and some of the gypsum, in 
turn, by the reaction with circulating mineral waters and organic 
material was altered to limestone and sulphur or sulphur gases. 
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The petroleum and natural gas that is found on so many of the 
salt domes is thought to have accumulated after the formation of the 
dome. The effect of the dome was merely to afford a type of struc- 
ture favorable for the accumulation of oil and gas, and the accumula- 
tion took place by the normal processes by which it takes in the more 
ordinary oil and gas structures, with the exception, however, that 
upward migration across stratification was much more important 
than in the ordinary types of oil and gas structures. 


DISCUSSION 


C. S. ScHucHERT: I have listened with a great deal of interest to what has 
been said in regard to the salt-dome structures and the various theories seeking 
to explain the origin of the coastal salt domes. If their origin is to be explained 
as due to tectonic or volcanic causes, and the salt of the domes is deep-seated 
bedded salt that has risen into domal structures, then historical geology and 
times of crustal movements enter into the solution of this most vexed problem. 
While I have nothing of a definite nature to offer, I want to call attention to 
several probabilities of a paleogeographic and historic nature that may help 
toward solving how and when these domes originated. 

Because the salt of the domes in North Germany is of Permian origin, there 
is a widespread feeling among petroleum geologists that there are also Permian 
formations with salt beneath the coastal domes. For this conclusion I do not 
find in the paleogeography of North America the slightest evidence. The lay 
of the Paleozoic formations of the mid-continent oil fields all point to an eastern 
borderland (Llanoria) throughout the eastern part of Texas, western Louisiana 
(Sabine uplift), and southern Arkansas during this era. This was the land that 
furnished the tremendous thicknesses of Pennsylvanian sediments in Arkansas, 
Oklahoma, and Texas. It appears that within the United States, Llanoria re- 
mained land until at least the close of Comanchian time. This is indicated by 
the paleogeographic maps in the second edition of my Historical Geology. In my 
studies I see no possibility of marine salts in the region of Llanoria earlier than 
Comanchian time, and now that red strata of Lower Cretaceous age are known 
in northeastern Texas, and anhydrite in Louisiana, why not beds of salt of 
Cretaceous time? 

Borderlands are periodically rising masses and are more apt to be studded 
with volcanoes that the areas of epeiric seas. On the other hand, it is well known 
that during Upper Cretaceous time the seas of Texas had active volcanoes, and 
why not also the borderland Llanoria? Furthermore, as Appalachia was re- 
peatedly raised vertically during the Mesozoic, why should not Llanoria during 
the early Cenozoic have been repeatedly faulted, and the blocks let down 
variously into the developing Gulf of Mexico? The latter appears to have been 
started in Mexico during late Jurassic time, in Texas during the Lower Cre- 
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taceous, and certainly in the western gulf area toward the close of the Mesozoic 
era. 

On the basis of the foraminiferal studies of the Houston paleontologists, 
it is now known that some of the coastal salt domes came in after Jackson time, 
that the earlier Oligocene marine strata pinch out against these domes, and that 
the later strata of the same series completely crossed them. Certain domes ap- 
pear to be of younger origin, and it is thought by some geologists that yet other 
domes are still in movement. It occurs to me that there may be many salt domes 
of early Cenozoic origin that lie buried beneath the very thick Miocene strata. 

I therefore offer the hypothesis that the salt domes are due to faulting of 
old Llanoria during Cenozoic time, and chiefly previous to the Miocene, and 
that Cretaceous beds of salt are beneath the domes, and that they have risen 
. due to differential block faulting and pressure. As the faulting is in the ancient 
mass of Llanoria, the fault lines are obscured by the overlying Cenozoic strata, 
and accordingly there is a lack among the salt domes of definite trend lines. 
In this connection, attention may be called to the very suggestive paper by 
Fohs and Robinson on “Structural and Stratigraphic Data of Northeast Texas 
Petroleum Area.” 

Subsequent to writing the foregoing, I received a letter from G. D. Harris, 
calling my attention to his paper of 1909 in Economic Geology, and concluding 
with the following: 

Every bit of dome matter, so far as I know, is highly crystalline, whether lime, 
gypsum or sulphur, Who ever saw a piece of really clastic rock from a dome, much less 
a fossil? If these rocks are mere fragments of some very low-lying Permian or Triassic 
horizon, why are they not sometimes clastic? Again, it is rather strange that the salt 
is often 99 per cent plus pure NaCl. Queer deposit, is it not? that is, if formed as sug- 
gested above. Some keen physical chemist some day will find out the cause of ‘‘dom- 
ing.” 

Even though I had read Harris’s most excellent paper at the time of its 
appearance, I concluded to read it again. This I have now done. I am still of 
the conviction that the original salt is not older than Lower Cretaceous, and that 
it may actually be of late Eocene or early Oligocene time. In this connection, I 
want to bring to the fore what Harris says of epeirogenic movement taking place 
“at the close of the Vicksburg,” and also to the presence of odlitic deposits and 
red marls that are gypsiferous, accompanying the Grand Gulf sandstones. 
Furthermore, to the fact that the Oligocene lies in troughs. Therefore I conclude 
once more that the origin of the salt domes appears to be connected with the 
inbreaking of the Gulf of Mexico, and that the Mississippi embayment, extend- 
ing in early Eocene time into southern Illinois, was greatly restricted southward 
by elevation in the north, beginning markedly in Vicksburgian time. The bed- 
ded salt now risen into the domes may be connected with this crustal movement. 

J. L. Ricu: It would appear to be inevitable that, if salt ridges of anticlinal 
form such as those of the German area were produced by lateral compression 


t Econ. Geol. (December, 1923), pP- 709-31: 
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at great depth, and the process of salt intrusion were continued until the salt 
rose through thick sediments to the surface, it would do so in the form of roughly 
circular plugs rather than as ridges, for some local point of weakness would 
develop and the salt would flow toward it from all sides. Therefore circular 
salt plugs rather than ridges should be expected where the source material lies 
at great depth. 

M. G. Cueney: As to the source of the large amounts of salt needed for 
the Gulf Coastal salt structures, there are certain considerations which indicate 
that the late Pennsylvanian and Permian are very possibly the time of these 
deposits. Llanoria must have been largely base leveled to furnish the Stanley 
shale, Jackfork sandstone, and early Strawn. Further, the strong overthrusting 
which produced the Ouachito Mountains and Choctou fault came during 
Pennsylvanian times and is quite positive evidence of the extensive subsidence | 
of Llanoria to the southeast. Southern Oklahoma changed during the late Penn- 
sylvanian from a generally synclinal to a general anticlinal structure, and the 
Permian marine waters migrated southward, westward, and northward. Isola- 
tion of parts of this southward migrating sea could have led to conditions favor- 
ing saline deposits. 

G. H. Cuapwicx: Drilling for natural gas in the southern peninsula of 
Ontario west of Niagara River has revealed an isolated lens of salt in the Salina 
formation which domes the overlying Onondaga limestone about 200 feet. This 
appears to be a true salt dome in youthful stage of growth. 

SIDNEY Powers: I can give additional information regarding this to anyone 
interested. 

EpWARbD BLogEscu: The geophysical methods may be helpful in locating and 
outlining salt domes in the Gulf Coastal region. Some of these, like the seismo- 
graphic methods, seem to be still in the experimental stage. The gravity method 
has been used successfully in Europe. The method used in the oil field of 
Egbell in Czechoslovakia is an example published. Other information on these 
methods is more confidential and not generally available. 

M. I. Gorpman: Determination of temperature gradient has been made by 
Van Orstrand, of the United States Geological Survey, at Damon Mound. I 
believe he obtained a gradient of something like 70 feet per degree of Fahren- 
heit. With a little encouragement from this Association and support from the 
companies here he could probably be readily induced to make more. 
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* ABSTRACT 


Salt-mining in Northwestern Europe has afforded significant data on the structure 
’ of salt domes. Salt is a relatively plastic rock under pressure, and may “erupt” in a 
manner analogous to igneous magmas. Highly deformed, clearly traceable key beds in 
the salt domes of Europe, and progressive changes from slight flowage at the salt out- 
crops to typical intrusive relations where the salt is deeply buried, afford basis for the 
conclusion that the European domes are purely tectonic in origin. The cap rock repre- 
sents the residue of less soluble material in the upthrust salt as solution attacks the 
rising dome in the zone of active ground-water circulation. The salt domes of Europe 
are mostly without associated oil deposits, a feature probably due to pre-Eocene erosion 
which permitted escape of oil from older source beds. 


INTRODUCTION 
The following paper discusses briefly the structure of certain 
European salt domes which have been made accessible to students 
through the openings driven in the operation of mining for salt. 


CHRONOLOGY OF SALT-DOME STUDIES 

We have come gradually to realize more clearly that the struc- 
ture of a complex series of rocks, exposed to tectonic forces, is in- 
fluenced largely by the comparative rigidity of its component mem- 
bers. Following the pioneer work of A. Heim in 1878 and L. Milch 
in 1911, European investigators have spent considerable effort on 
this problem. The work of H. Cloos during the years 1918 to 1921, 
and, with special reference to masses of rock salt, H. Stille (rg10 to 
1923), E. Harbort (1910), and E. Seidl (1921) is notable. 


THE NATURE OF PLASTIC FLOW 


If rocks are classified on the basis of their rigidity, the opposite 
ends of the series are represented by fully indurated crystalline 
rocks on the one hand, and fluid magma on the other. The inter- 

t President, Marland Oil Company of Texas. 
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mediate types are, in order of decreasing rigidity, metamorphics, 
consolidated or compacted sediments, and unconsolidated sedi- 
ments. Among the processes which increase rigidity, compressive 
folding is a potent factor. 

Rock salt and, to a lesser degree, gypsum and clastic rocks with 
a salty or gypseous cement possess a surprisingly high plasticity 
under pressure. If a plastic rock incased between more rigid mater- 
ials is subjected to sufficient pressure, it reacts by flowing and 
escapes along lines of least resistance; in other words, it “erupts.” 
Fluid magmas do this in a very conspicuous manner, but the behav- 
ior of rock salt is quite analogous and very similar. As shown by 
E. Harbort, salt ‘‘erupts” or “intrudes” as salt plugs which are 
extraordinarily like volcanic necks in some cases, and like laccolithic 
intrusions in others. Rock salt is not alone in its magma-like 
flowage, however; Mrazek has described similar intrusions of salif- 
erous clays in the diapiric anticlines of Roumania; Zimmermann 
in 1889 noted similar phenomena in gypsiferous Triassic shales in 
Germany, and F. Ehrman in 1921 observed the same thing in the 
Atlas of Babors, Algeria. 

Plasticity of this character varies greatly with depth: given a 
sufficient overburden, every rock, even the most rigid granite, 
exhibits plasticity. This plasticity is quite different from true 
fusion and is not to be confused with fusion. The more deeply a 
salt mass is buried, the greater the tendency toward the upward 
growth of salt ‘“‘plugs,’’ and the stronger the resemblance between 
these plugs and true volcanic plugs. Although in this manner isos- 
tasy plays an important part in the mechanics of salt-dome intru- 
sion, isostasy alone does not afford a complete explanation of the 
phenomena. Cloos and Stille have both argued that the weight of 
the overburden merely makes the salt plastic; in order to move and 
deform it, tectonic stress also is required. 

Stille has also observed the curious fact that during periods of 
orogenic quiet throughout which pronounced diastrophism (folding 
and thrusting) is lacking, and only block faulting and slow epei- 
rogenic changes of level are to be observed, the plastic elements 
of the earth’s crust continue to move, or even exhibit an increased 
tendency toward flowage and eruption. This tendency is especially 
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noticeable during plio-epeirogenic periods, i.e., periods of general 
submergence, and it applies not only to magmatic materials, but 
also to bodies of rock salt, which occupy a position intermediate 
between rigid crystalline rocks and magmas. While Stille showed 
that the upthrust of salt plugs marked periods of diastrophism, 
K. Gripp has also demonstrated that deep-seated, true “plugs’’ 
of salt also move upward during periods of tectonic quiet. Never- 
theless, it should be repeated that lateral pressure is a requisite of 
salt-dome intrusion. If mere isostasy could develop them, we 
should find salt domes on the quietly stable continental plateaus 
like the Mid-Continent area of North America, parts of which, 
such as the western parts of Kansas, Oklahoma, and Texas, are 
underlain by great, deeply buried beds of rock salt. 


THE CHARACTER OF EUROPEAN SALT DOMES 


Figures presented by E. Seidl on the salt deposits of North- 
western Europe show in detail the deformation of the salt masses as 
revealed by extensive potash-mining. Because the valuable potash 
salts occur in thin beds intercalated with thicker zones of less valu- 
able sodium chloride, mining engineers were obliged to pay especial 
attention to the structure and deformation of the salt plugs. This 
work was facilitated by the fact that the salt bed in question, which 
forms a great blanket deposit of Permian age, extending from 
Poland to the midlands of England, contains regular and easily 
distinguished alternations of anhydrite and clay. Particularly use- 
ful key beds of this nature are the thick anhydrite and gray clay, 
150 feet in thickness, which separates the “upper salt,” 600 feet 
thick, from the “‘lower salt,’’ goo feet thick. 

The basins along the northern margin of the Paleozoic plateau 
of Central Europe and the great geosynclinal region of the North 
German and Baitic plains afford an opportunity to study the struc- 
ture of salt masses under varying overburden, from the outcrops 
of the salt beds themselves against the older plateaus, to salt plugs 
which are squeezed up from depths of 18,000 feet. The structural 
types form an uninterrupted and continuous series, from slight 
deformations or flowage on the outcrops, to truly eruptive necks 
of salt in the region of Hamburg. 
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At the outcrops the salt merely flows out: the bed thickens 
where the overburden fails; while down the dip, where the weight 
increases, the material flows toward the outlet and the thickness 
of the salt bed decreases. 

Where there is no natural outlet toward an outcrop, the salt 
escapes only at points of weakness. It forms truly laccolithic intru- 
sions, taking advantage of points of weakness, entering the fault 
fissures, and forcing itself up in them, bulging and finally piercing 
the overlying strata. If an actual neck forms, it makes room for 
itself by pushing the sediments to one side and overthrusting the 
upper strata over the lower. At the same time salt continues to be 
fed into the plug from below, flowing into the base of the plug from 
all sides out of the Permian salt bed, which thins and sometimes is 
entirely squeezed out. These movements within the salt are made 
manifest by the contortions of the well-defined key horizons noted 
above. The cores from diamond-drill holes which were sunk 
through all the salt and into the underlying beds reveal all the salt, 
down to the base, contorted at high angles, but the underlying bed- 
rock is horizontal. 

THE NATURE OF CAP ROCK 

Cap rock represents the residue from solution of the salt. As 
soon as the rising plug of rock salt nears the surface and enters the 
zone where subsurface waters are in motion, the upper part of the 
salt begins to go into solution. The top of the salt plug is evidently 
a solution plane. The folds in the salt mass are planed off sharply 
by it. We may compare it to the lower end of the glacier, where 
fusion balances the supply of ice. The top of the salt is the plane 
above which solution balances the up-push of salt from below. The 
least soluble impurities are concentrated to form a cap over the 
rising plug. Consequently, the thickness of the cap depends upon 
the amount of impurities contained in the salt dissolved, and upon 
the amount of upthrust after the zone of dissolving ground water is 
invaded by the upper part of the plug. In Europe the thickness 
of cap rocks varies from a few inches to 300 feet. 

The character of the cap rock depends upon the nature of the 
impurities of the salt; it may be dolomite, anhydrite, or clay. 
Limestone or chalk overlying the salt may be altered to calcium 
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sulphate by sulphuric gases or waters, which are often associated 
with these structures. The cap rock itself may again be corroded 
by subsurface water, as is the case in many of the German salt 
domes, where large cavities so formed and filled with brine or quick- 
sand caused great difficulty in the sinking of mine shafts. 

The entire structure is so clear that there remains no vestige 
of doubt as to the origin of these European salt domes and their 
purely tectonic nature. We can follow the evolution step by step in 
the salt mines of Northwestern Europe. 


OCCURRENCE OF PETROLEUM 


The German salt domes are but rarely petroliferous. The most 
important oil field connected with any of them is that of Wietze. 
The primary source of the oil is probably in the Jurassic and Lower | 
Cretaceous, from which various overlying sand beds have been im- 
pregnated. It must be assumed that many of these domes originally 
carried oil; however, most of them were subjected to active erosion 
before the deposition of the Eocene, so that the Upper Cretaceous 
covering of the oil-bearing formations was cut through and re- 
moved. 
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ABSTRACT 


Two kinds of cap rock are differentiated: the gypsum anhydrite-cap and the calcite 
cap. The gypsum is derived from the anhydrite by hydration and is characteristic of 
the upper part of the cap, where it contains much calcite and sulphur. The deeper, less 
altered part of the anhydrite cap shows parallel banding, which may be the result of 
diffusion, and breccia fragments of a parallel-banded, finer-grained anhydrite, which 
give evidence of sedimentary origin. Therefore, although no detrital minerals have been 
found in specimens of anhydrite cap, this cap is believed to be of sedimentary origin, 
brought up by an intrusive salt plug from depth. Possible explanations of the presence 
or absence of anhydrite caps on salt domes are offered. The calcite cap is the product of 
replacement and penetration by calcite of the sedimentary beds adjacent to the gypsum- 
anhydrite cap and probably of the upper part of the gypsum-anhydrite cap itself. The 
sulphur in cap rock is characteristically associated with this calcite. The calcite and 
sulphur are probably the result of reduction of the outer parts of the anhydrite cap by 
hydrocarbons from adjacent beds. Constituents of minor importance are sulphides, 
carbonates of an early generation, barite, celestite, bipyramidal quartz crystals, and 
inclusions of sandstone in anhydrite. 


THE TWO TYPES OF CAP ROCK 


The cap rock of the Gulf Coast salt domes is of two kinds, which 
may be defined as the calcite cap and the gypsum-anhydrite cap. 
The calcite cap has generally gone by the name of “‘limestone”’ cap, 
but for reasons that will appear, the writer prefers to call it calcite 
cap. 

e THE CHARACTER OF THE GYPSUM-ANHYDRITE CAP 

An unusually complete core of gypsum-anhydrite cap was very 
generously lent to the United States Geological Survey by the Union 
Sulphur Company. This is a practically complete 2-inch diamond- 
drill core taken between the depths of 670 and 1,468 feet, an interval 
of about 800 feet, in the company’s well No. 194, near the center of 
the cap-rock area at Sulphur Mine, Louisiana. The core is said to 
have begun just below the productive rock—that is, probably about 
at the base of the calcite cap, into which it grades in its upper part— 
and to have ended on the salt. On account of its gradation to the 
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calcite cap, it will be taken as a basis for the study of both. types of 
cap rock. The general character of this series is brought out by the 
first piece of core in it (Fig. 1), which contains all the dominant con- 
stituents of the series—gypsum, anhydrite, calcite, and sulphur— 
in their characteristic relations. A detailed consideration of this 
piece will therefore prepare the way for a more rapid review of the 
rest of the series. 

The hand specimen appears to be almost pure, dark grayish- 
black translucent gypsum with traces of banding at a low angle and 
with slight veinlets of calcite running into druses, in one of which a 
crystal of sulphur can be seen. 

The thin section (Fig. 2) shows large gypsum crystals made up 
of small elements that have nearly the same orientation. At one 
end are many disseminated calcite crystals, undoubtedly adjacent 
to one of the calcite veins (Fig. 4); at the other end, much residual 
anhydrite (Fig. 6), some of the crystals of which have common ori- 
entation with one or more adjacent crystals. This common orienta- 
tion (which does not appear in the area included in Figure 6) and the 
corroded outline of the anhydrite crystals, as compared with the rec- 
tangular form which characterizes them in typical anhydrite cap 
rock, constitute the only evidence in support of the assumption that 
the gypsum of this specimen is derived from the hydration of a rock 
made up originally of anhydrite. This derivation will be more con- 
clusively demonstrated by subsequent illustrations from deeper 
parts of this same core (cf. Figs. 9 and 10). 

In Figure 6, the line of dark impurities lettered b marks the 
boundary between the two elongated gypsum crystals numbered 2 
and 3 in Figure 2. On each side of this line, the entire area represent- 
ed is essentially a single gypsum crystal. This brings out the fact 
that here, as usual, a single large gypsum crystal replaces several 
smaller crystals of anhydrite, apparently owing to a molecular 
mobility of gypsum which results, it may be supposed, from its 
solubility. This causes a tendency toward arrangement in common 
crystallographic orientation with crystals adjacent to it. The com- 
mon orientation of crystals, parallel to the banding, is undoubtedly 
due in part to pressure. Even the three major gypsum crystals that 
make up the section shown in Figure 2 have extinction positions 
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Fic. 1.—Dark gray translucent gypsum, with open fissure partly lined with calcite 
and merging into calcite veins. 


At v calcite veins in solid rock. At 6 banding at low angle of dip, due to planes of weakness. At s a 
single sulphur crystal in an open fissure. Core from 670 feet in well 194 of the Union Sulphur Company, at 
Sulphur Mine, Louisiana. First piece of core in the series. 


Fic. 2.—Thin section from specinien of gypsum shown in Figure 1, crossed nicols 


I, 2, and 3 are the three principal crystals that make up the section. Note how near 2 and 3 are to 
simultaneous extinction. In 1 note the slightly patchy extinction in many small areas with more or less 
rectilinear boundaries and differing only very slightly in extinction position. This does not refer to the bright 
white elements scattered about especially in the lower right-hand corner, most of which are fragments - 
broken loose in grinding the section. 


Fic. 3.—Remnants of gypsum (g) in a matrix of fine-grained calcite 


s marks two adjacent remnants of gypsum with simultaneous extinction indicating that they were at 
one time continuous. Thin section of a specimen from a depth of about 1 foot below that of Figures 1, 2, 4 
and 6. Crossed nicols. 


Fic. 4.—Calcite crystals (C) in gypsum 


Detail of the thin section shown in Figure 2, crossed nicols. From the concentration of the calcite 
in this neighborhood, it is very probable that a calcite vein occurred just outside the area covered by the 
thin section. 

g marks gypsum crystals oriented differently from the surrounding area. No attempt has been made, 
of course, to indicate all the calcite crystals that can be seen in the illustration. 


Fic. 5.—Sulphur (s) penetrating fine granular calcite 


Thin section from a specimen just below that of Figure 3. Note at c the calcite crystals, like those of 
the matrix, surrounded by sulphur. g marks gypsum crystals. Almost all the other clear spaces are holes 
in the thin section. 


Fic. 6—Remnants of anhydrite (a) in the midst of gypsum 


Detail of another part of the thin section shown in Figure 2. The gypsum crystals in which the anhy- 
drite occurs are those marked 2 and 3 in Figure 2, and } marks the boundary between them. # marks holes 
in the thin section, 4 a apparently one from which anhydrite has been torn. ¢ marks calcite crystals. 
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very near one another, indicating that they are approaching a com- 
mon orientation. It is important to keep this tendency in mind, for 
in effect it seems to imply great plasticity in the gypsum; that is to 
say, if by pressure and movements the gypsum were broken into 
many small fragments, it would tend to reconstitute itself into large, 
fresh-looking elements showing no trace of the disturbances it had 
undergone. 

To summarize the phenomena illustrated by this specimen, there 
is evidence of an original anhydrite rock in which gypsum has largely 
replaced the anhydrite, single large gypsum crystals taking the place 
of a large group of anhydrite crystals. Remnants of anhydrite crys- 
tals in the gypsum indicate its origin. Fissures and cavities in this 
gypsum have been veined by calcite, and adjacent to these veins 
the gypsum has been penetrated and replaced by calcite. A cavity 
in the gypsum contains a crystal of sulphur. The relation of the 
sulphur to the calcite is not made clear by this specimen, but evi- 
dence to be brought out below will show that sulphur is generally 
later than the calcite or partly contemporaneous with it. 

The paragenetic sequence here, then, is anhydrite, gypsum, cal- 
cite, sulphur, and this is the sequence in all specimens the writer 
has examined. 

Below the piece of core just described, there is about a foot of 
gypsum like this specimen, then 2 or 3 inches of a rock in which 
calcite predominates. That this rock also is derived from a gypsum 
rock is indicated by the presence, in parts of it, of abundant frag- 
ments of gypsum (Fig. 3), which, by their corroded boundaries, by 
the way they are penetrated by the granular calcite, and above all 
by the simultaneous extinction of adjacent fragments, indicate that, 
like the anhydrite in the gypsum of Figure 6, they are remnants of a 
rock that consisted at one time dominantly of gypsum. Sulphur, in 
irregular bodies, is common all through this rock. Figure 5, which 
represents a thin section from the core fragment just below that rep- 
resented in Figure 3, shows that the sulphur, like the gypsum, is 
irregularly interpenetrated with the calcite. But there is this differ- 
ence, that the sulphur includes entirely within its area little calcite 
masses, so that here it is apparently the sulphur that is later and has 
come in to replace the calcite. 
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Although there are no sharp limits to the vertical distribution of 
different types of rock in this series of core fragments, there is never- 
theless a fairly regular development in the character of the pre- 
dominant type of rock from the top to the bottom, and the differ- 
ences involved may be most readily grasped if the facts are general- 
ized and the core is described and subdivided somewhat arbitrarily. 
The subdivisions are represented diagrammatically in Figure 33, p.83. 

The first subdivision may be taken to extend through about 130 
feet, from the top of the core at 670 feet to about 803 feet. This 
part is characterized by the features described above: abundance of 
calcite as a secondary mineral invading gypsum, which in turn 
shows scattered crystals of anhydrite, remnants of the anhydrite 
rock which it has replaced, and the calcite and earlier rock constitu- 
ents in their turn invaded by sulphur as the latest mineral. Sulphur 
occurs not only as irregular small bodies within the calcite rock, but 
also in well-defined calcite veins in the gypsum rock, either filling the 
central part of the vein or as well-developed terminated crystals 
lining druses in the veins. The specimen shown in Figure 7 may 
serve as a type of this part of the section. 

The second subdivision of the cap may be made to include the 
interval of about 150 feet, from 803 to 948 feet. The country rock of 
this part, instead of being gypsum with scattered crystals of anhy- 
drite, either is anhydrite rock, veined with gypsum that may con- 
tain scattered anhydrite crystals, or plainly shows its origin as an- 
hydrite rock by the presence of anhydrite as a dominant constituent 
in a matrix of gypsum that has clearly replaced anhydrite. Calcite 
no longer appears as veins or disseminated in gypsum adjacent to 
veins, but merely as large single crystals scattered through the an- 
hydrite; sulphur veins and the cavities in the rock have also dis- 
appeared. In this subdivision and the one below it, the sulphur 
occurs mainly disseminated through gypsum and anhydrite or as 
thin films along planes of weakness. 

The second division of the section may be illustrated by Figure 9, 
which shows a specimen from the upper part, at 830 feet. In this 
specimen the hydration, or more definitely the gypsification, clearly 
invaded the anhydrite rock along bands presumably of greater per- 
meability. Close examination of the figure shows that there are 





Fic. 7—Dark-gray gypsum veined and penetrated by light-colored calcite and 
by suiphur. 
The replacement and penetration of the gypsum, adjacent to the veins, by calcite, is especially well 


shown. g marks gypsum, ¢ calcite, s sulphur. Exterior of a core from 796 feet in well 194 of the Union 
Sulphur Company, at Sulphur Mine, Louisiana. 


Fic. 8.—Gypsum bands at high and low angles of dip in anhydrite 
The darker portions are gypsum of various degrees of purity. Polished face of a core from about 836 
ft. in well 194 of the Union Sulphur Company, at Sulphur Mine, Louisiana. 
Fic. 9.—Anhydrite interbanded at low angles of dip with gypsum 
The dark bands are translucent gypsum; the light bands finely granular anhydrite. Polished face of a 
core from about 830 feet in well 194 of the Union Sulphur Company, at Sulphur Mine, Louisiana. 
Fic. 1o.—Contact of a band of gypsum and a band of anhydrite 


Thin section from specimen shown in Figure 9. The gray, almost structureless area in the upper part 
is gypsum, the well-defined crystals are anhydrite. 


PETROGRAPHY OF SALT DOME CAP ROCK 57 


differences in texture within the anhydrite itself. These are due to 
differences in size of grain, the denser, whiter portions being the finer- 
grained. These finer-grained portions of the anhydrite are probably 
the less altered. The alteration, as in the gypsum, is apparently a 
result of the solubility of the anhydrite and seems to indicate that 
water penetrated into the anhydrous rock and, without combining 
with the anhydrite, partly dissolved and redistributed its molecules. 
As in the case of gypsum, this tendency of the anhydrite crystals to 
grow has a definite bearing on the plasticity of the anhydrite, in that 
it suggests that an anhydrite mass might yield and change its shape 
by crushing and granulation and yet, on account of this molecular 
mobility resulting from its solubility, be reconstituted as well-crystal- 
lized anhydrite. Under the microscope (Fig. 10) the general struc- 
ture along the contact of a gypsum and an anhydrite band in the 
specimen of Figure 9 appears very clearly—a band of solid anhydrite 
on one side and a band of gypsum with scattered and somewhat cor- 
roded anhydrite on the other. Notice, as compared with the gypsum 
of Figures 2 and 4, the independent development of most of the an- 
hydrite, in the solid anhydrite portion, as chunky, rectangular crys- 
tals, each oriented altogether independently of the others except 
for a slight prevalence of elongation parallel to the banding of the 
rock. 

The gypsum elements in the gypsum band shown in Figure 10 
do not have the high degree of common orientation of the gypsum 
of Figure 6, though most of them extinguish near a position that 
makes a slight angle with the banding. 

In Figure 9, the gypsum bands dip at low angles. Figure 8 shows 
a specimen from about 6 feet below that of Figure 9, in which the 
banding by gypsum is at high as well as at low angles. These two 
distinct directions of gypsum banding occur throughout the anhyd- 
rite of this cap, but the low-angle banding is the more common. 

In the third subdivision of the section, extending from a depth of 
948 feet to the bottom of the cap at 1,468 feet, solid anhydrite is 
dominant; gypsification is of minor extent, and veining by calcite 
and sulphur are negligible, although pieces of core obtained within 
43 feet of the bottom consist dominantly of gypsum with thin veins 
of calcite like those near the top, and sulphur in intimate association 
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with this calcite. About 50 feet at the top of this subdivision may be 
separated as a transition zone, leaving the interval of about 460 
feet from 1,004 to 1,468 feet as that in which solid anhydrite pre- 
dominates. 

Three features are characteristic of the anhydrite rock of this 
third or basal subdivision: (a) banding in the mass of the anhydrite 
rock, dipping at low angles and not due to gypsification, (b) evidence 
of violent brecciation and flowage, (c) breccia fragments of a dis- 
tinctive dense white fine-grained anhydrite that is also banded. 

The first type of banding referred to above occurs at irregular 
intervals. It is present in some pieces of the core and absent in 
others. The banding takes the form of dark, nearly parallel lines, 
like bedding lines, running through the granular, sugary type of an- 
hydrite that predominates in the gypsum-anhydrite cap. Some of 
the bands exhibit a difference in texture accompanied by a difference 
in color of the anhydrite on opposite sides of the dark lines, dark an- 
hydrite occurring on one side and light on the other. Elsewhere there 
is a gradation from dark to light anhydrite between two consecu- 
tive lines, and in still others a more or less sharp boundary between 
the dark and light anhydrite occurs without any line between them. 
Where dark and light anhydrite occur on opposite sides of a dark 
line, they invariably bear the same relation to the line, the dark an- 
hydrite occurring above it, the light below it. 

Figure 8 shows the highest specimen, among those selected for 
polishing, in which indications of this banding could be recognized, 
but only by tracing the banding upward from specimens in which it 
is more definitely developed was it identified in this one. Distinct 
banding does not appear much above a depth of about 1,200 feet, 
but is common from this depth to the bottom of the core. The best 
development of this banding is illustrated by Figure 13. The irregu- 
larity of the banding in the specimen shown in Figure 8 is assumed 
to be due to gypsification, the dark lines being gypsum. The flatness 
and parallelism of the banding is not perfect in all ungypsified speci- 
mens, but is as nearly perfect as much sedimentary bedding. 

Brecciation and flowage, the second feature characteristic of the 
third or basal subdivision of the section, were first noticed in the first 
specimen in which heavy gypsification ceases and anhydrite be- 
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comes a dominant constituent, at about 982 feet. Examples of 
brecciation and flowage occur from this level down to the bottom of 
the core, though among the specimens selected for polishing, breccia- 
tion and flowage are most common between about 1,250 and 1,300 
feet. 

The third characteristic feature of this subdivision of the section 
is the character of the breccia fragments, which consist of a distinc- 
tive white anhydrite that is denser, whiter, and finer grained than the 
anhydrite in which they are imbedded or than unbrecciated anhy- 
drite in general, and that is marked with parallel black lines. These 
lines, which, like those in the unbrecciated anhydrite, may be due to 
impurities, appear broader than those in the coarser unbrecciated an- 
hydrite, and the contrast with the dense white anhydrite, which has 
the same texture and color on both sides of them, makes them stand 
out more sharply. Figures 12 and 15 illustrate anhydrite of this type 
in different stages of brecciation and flow. There are some indications 
that disturbance increased with depth. Figure 14 shows the dense 
white, strongly banded anhydrite, slightly faulted and with more 
flow structure than brecciation, in association with the other type of 
coarser-grained, parallel-banded anhydrite that appears at the bot- 
tom of the core. Figure 11 illustrates a more complicated and inti- 
mate association of these two types and more extreme brecciation 
of the dense white rock. As the dense white anhydrite with pro- 
nounced parallel banding occurs invariably as breccia fragments in 
the more coarse granular, darker, more sugary rock, it must be an 
earlier phase of the anhydrite. 

What is admittedly an extremely generalized description of the 
material from this well of the Union Sulphur Company may be sum- 
marized briefly as follows (see Fig. 33, p. 75): There is at the bottom 
dominantly a pure anhydrite rock in which two forms of structure 
have been differentiated—a breccia of dense, white, banded anhy- 
drite in a matrix of coarser anhydrite, and parallel low-angle banding 
in the coarser rock itself. The dense white rock with parallel low- 
angle banding was nowhere encountered undisturbed. There has 
been in the coarser-grained anhydrite some gypsification at intervals, 
some calcification following presumably more permeable layers (as 
at c in Figure 13), and very slight calcite veining, with sulphur in- 
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Fic. 11.—Parallel-banded coarse-grained dark anhydrite interbedded with dis- 
torted, dense white, parallel-banded anhydrite. 


a marks fragments of dense white anhydrite cut off sharply by overlying bands of coarser anhydrite. 
Polis'1ed face of a core from about 1234 feet in well 194 of the Union Sulphur Company, at Sulphur Mine, 
Louisiana. 


Fic. 12.—Brecciated fragments of banded dense white anhydrite in a matrix of 
coarser gray anhydrite. ; 

Polished face of a core from about 1197 feet in well 194 of the Union Sulphur Company, at Sulpbur 
Mine, Louisiana. 

Fic. 13—Anhydrite showing well-developed roughly parallel banding at a low 
angle of dip. 


The white patch at ¢ is rich in calcite. Polished face of a core from about 1,440 feet in well 194 of the 
Union Sulphur Company, at Sulphur Mine, Louisiana. As the core lay in the box, the end with this calcite- 
rich patch is the bottom, but from the relations of the dark and light portions (as explained in the text) 
in the bands of the rest of the specimen, it is probably the top. 


Fic. 14—Dense white anhydrite with pronounced parallel banding, only slightly 


distorted. 


Coarse-grained anhydrite with parallel horizontal banding just shows at the bottom. The black spots 
in this coarse-grained anhydrite are gypsum. ff marks faults with slight displacement. Polished face of a 
core from about 1251 feet in well 194 of the Union Sulphur Company, at Sulphur Mine, Louisiana. 


Fic. 15.—Dense white banded anhydrite strongly brecciated and distorted 


Polished face of a core from about 1294 feet in well 194 of the Union Sulphur Company, at Sulphur 
Mine, Louisiana. 
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troduced either adjacent to the calcite veins or in association with 
calcite along planes of weakness in the rock. 

Farther up, gypsification is more common, the gypsum occurring 
both in bands that dip at low angles, which may be determined by 
the low-angle banding preserved in the deeper-lying rock (although 
the gypsum bands lack the pronounced parallelism of that banding), 
and, less commonly, in bands that dip at high angles, following 
planes of weakness that must have resulted from bending and crack- 
ing either because of upward movement of the salt core or because 
of pressure produced by the gypsification itself. As the gypsification 
increases upward, the dark gypsum with remnants of light-gray an- 
hydrite rock floating in it becomes the dominant constituent, until 
finally the anhydrite can be found only under the microscope as 
remnants of isolated crystals scattered through the gypsum. With 
the increase of gypsification, replacement and veining by calcite and 
sulphur also increase. 

In the general form here given, this description Bestcias applies 
to the rock in its original condition. In some of the calcitic, sulphur- 
bearing specimens from the upper part of the core, there were condi- 
tions suggesting alterations by the water used in the extraction of 
sulphur, but as the core begins at the bottom of the productive cap, 
it is probably little altered. Nevertheless, it is very desirable to ob- 
tain a core through the entire cap, from some dome on which there 
has been no extraction of sulphur, or, for that matter, even of oil. 

The writer has not studied any other gypsum-anhydrite cap con- 
sistently and can therefore not be sure that the general features ob- 
served here are those of most other gypsum-anhydrite caps; but from 
what he has seen, it appears that extensive gypsification in the upper 
part is general. Some indications of the sharp, parallel, low-angle 
banding were noted in cores from other domes, and breccia fragments 
of the dense white anhydrite showing parallel banding—in some frag- 
ments much distorted—were seen in material from two other domes. 
Moreover, it is probably safe to say that where there is a cap over 
a salt plug, the foundation of the cap is generally anhydrite. 
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THE ORIGIN OF THE ANHYDRITE CAP 


The interpretation of the characteristics described involves the 
consideration of the origin of the anhydrite cap. The gypsum will 
henceforth be left out of consideration, as its derivation by hydra- 
tion of the anhydrite cap seems, in most cases at least, so obvious as 
to leave no room for doubt. 


ALTERNATIVE HYPOTHESES 

During this investigation the writer has had in mind four gen- 
erally recognized hypotheses for the origin of the anhydrite cap: (1) 
It crystallized from solution, at the top of the salt plug, from under- 
ground waters. (2) It segregated as the insoluble residue from the 
solution, by meteoric waters, of the top of the salt plug as the plug 
moved up. (3) It was formed by the action of sulphuric-acid water 
on limestones encountered by the salt plug in its upward passage. 
(4) It is part of an original sedimentary bed of anhydrite which over- 
lay a bed of sedimentary salt in depth, and as this bed of salt was 
folded and finally squeezed upward at the apex of the fold in the form 
of a salt plug, it pushed a layer of the overlying anhydrite ahead of it. 

This last hypothesis is the one that is advocated in the following 
discussion. It is not desired to argue that all the evidence to be pre- 
sented supports only that interpretation; much of it might be inter- 
preted in favor of another origin. But the evidence has been organ- 
ized around the hypothesis of sedimentary origin because, taken as a 
whole, it seemed most to support that hypothesis. 


GENERAL CONSIDERATIONS 

The most direct reason for assuming a sedimentary origin of the 
anhydrite cap is that such an assumption is a simple extension of the 
interpretation of the origin of the salt plug itself from a sedimentary 
bed—the interpretation that is most commonly accepted on general 
geologic grounds. A hasty review of stratigraphic sections containing 
salt beds shows that in a great many sections a bed of anhydrite is 
found above the salt bed. 

In looking for evidence on the origin of the anhydrite cap, it must 
be recognized that the cap has evidently undergone extensive altera- 
tion and that this alteration may have proceeded so far and through 
so many different stages as to obliterate all evidence regarding the 
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origin of the cap. The object of the petrographic investigations, 
therefore, was to determine the character of the earlier stages of the 
rock. The dense white breccia fragments, as pointed out above, 
must evidently represent an early stage. As the abundance of these 
fragments in the deeper part of the core and of the secondary prod- 
ucts—gypsum, calcite, and sulphur—in the higher parts suggests 
that the deeper parts are less altered, it seems that the straight, 
parallel, low-angle banding of the coarser-grained anhydrite, which 
is also more common in the deeper parts, may likewise represent an 
early stage in the formation of the anhydrite cap. The banding of 
both types of rock will therefore be considered in its bearing on the 
origin of the anhydrite cap. 


ORIGIN OF THE BANDING 


Evidence from the larger features as observable in hand spect- 
mens.—The mere presence of parallel banding in both these types 
of material suggests sedimentary origin, but other possible explana- 
tions of this banding must be considered. 

Shearing and flowage under pressure suggest themselves, but the 
parallelism and continuity of the dividing surfaces are opposed to 
this assumption, because a number of specimens of undoubtedly 
sheared and squeezed anhydrite cap rock, as illustrated in Figures 16, 
17, and 18, show contorted and irregularly diverging surfaces and 
lenticular structure like gneiss and schist. The large, dark inclusion 
shown in Figure 17 is a fragment of sandstone, and the dark bands in 
Figure 16, which is a front view of the same specimen, are layers of 
this same sandstone dragged out with remnants of the bedded sand- 
stone surviving, as shown by the thin section illustrated in Figure 19. 

A third possible mode of origin of the banding, suggested by Pro- 
fessor A. C. Lawson in the discussion of this paper when it was pre- 
sented at the Houston meeting of the Association on March 26, 1924, 
is that these parallel surfaces might be produced by diffusion ac- 
companied by rhythmic reaction of the Liesegang type, such as can 
take place in colloids or in any homogeneous medium that permits 
slow and regular diffusion. The homogeneity of the layers in the 
dense white breccia fragments, as they appear in the hand specimens, 
and their resemblance to sedimentary layers afford no evidence that 
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18 
Fic. 16.—Coarse-grained anhydrite showing flowage 


Polished face of a core from 500 feet in the Gulf Production Company’s well No. 5, at Hockley, Texas. 


Fic. 17.—Reverse side of right-hand end of specimen of Figure 16, showing sand- 
stone inclusion along the black sandy seam in the bottom of Figure 16, 


Fic. 18.—Schistose anhydrite 


Polished face of a core from 3,055 feet in the Humble Oil and Refining Company’s Lizzie Singer No. 2 
well on the Palangana salt dome, near Benavides, Duval County, Texas. 
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might be used in support of this hypothesis, but the parallel bands 
in the coarser mass of the anhydrite have three characteristic fea- 
tures that may favor it. 

One of these features is the close interspersing of these bands with 
brecciated portions, as illustrated in Figure 11. It may be assumed 
either that the brecciation took place at the time of deposition, be- 
fore the overlying undisturbed layer was deposited, or that it took 
place after deposition, presumably after consolidation and during 
the tectonic disturbance that produced the salt dome, without dis- 
turbing the original sedimentary banding of intermediate layers. 
The objection to the first assumption is that, as can be seen at the 
bottom of the specimen illustrated in Figure 11, the parallel banding 
in the dense white breccia fragments themselves is curved and con- 
torted in a way that it seems likely could result only from great pres- 
sure and after consolidation of the fine-grained white anhydrite frag- 
ments. The objection to the second assumption is that selective 
brecciation of such narrow layers seems unlikely in a sequence of 
material that was probably fairly uniform. These difficulties are met 
by assuming that this banding is due to diffusion; but, on the other 
hand, it seems doubtful whether the brecciated material, as illus- 
trated, for instance, in Figure 11, would be uniform enough to yield 
such straight and parallel bands by diffusion through it. The evi- 
dence from this feature in favor of origin by diffusion is therefore 
doubtful. 

The second feature supporting the idea that this banding origi- 
nated by diffusion is the relation of the banding lines to the fine- 
grained breccia fragments. In looking over and discussing this series 
of cores in the laboratory of the United States Geological Survey 
some time after the Houston meeting, Dr. Donald C. Barton pointed 
out that the parallel low-angle bands in the coarser-grained anhy- 
drite apparently without exception cut off abruptly the ops of the 
brecciated layers, cutting right through individual breccia fragments 
of the dense white anhydrite, as can be seen at the points marked a 
on Figure 11. This observation seems to favor the idea that these 
bands may have been produced by diffusion, though the condition 
might also be due to solution by the water in which the anhydrite was 
deposited, before deposition of the overlying bed and after breccia- 
tion. 
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The third feature supporting the hypothesis of origin by diffusion 
is the change noted above, and shown by Figures 11 and 13, from 
light-colored material in the top to dark in the bottom of some of the 
layers. But this feature also might be of sedimentary origin. 

Microscopic evidence-—The most conclusive microscopic evi- 
dence regarding the origin of the banding is in the fine-grained 
breccia fragments. The best example is furnished by the core illus- 
trated in Figure 20. This core was in the collection of the late 
G. Sherburne Rogers, of the United States Geological Survey, who, 
to the great loss of geology, was drowned while engaged in field 
work in South America shortly after he began the study of salt 
domes for the Survey. As no label or record of any kind could be 
found with this specimen, the writer would be greatly obliged, in 
case anyone recognizes it, for information as to its origin.’ The 
large number of coarse breccia fragments in it and the large propor- 
tion of them that show good banding make it unique so far as the 
writer’s experience goes. 

In this core the difference between breccia fragments and matrix 
is sharper than in the Sulphur Mine core, and the parallel banding, 
with dark seams, is very definite in some fragments, though confused 
by fracturing and by gypsification along the dark seams in many 
others. Figure 21 shows a thin section of the best-banded fragment. 
The evidence from this thin section appears definitely to favor the 
view that the banding is the result not of shearing by pressure or of 
diffusion, but of periodicity in precipitation, such as would be ex- 
pected in a sedimentary bed. 

The most obvious bit of evidence is the character of the dark 
bands themselves. Their dark color is due not to any mere difference 
in texture or to inclusions like sulphides that might be of secondary 
origin, but apparently to impurities like clay or other fine detrital 
matter. 

Another fact supporting the idea of sedimentary origin is the 
slight indication, not recognizable in the figure, of a variation in the 
coarseness of anhydrite layers from one dark band to the next. 

Another is the distribution of the carbonates, which show as dark 
grains in the figure. These appear to be somewhat more numerous 


‘It is possible, though not probable, that this core is not from an American salt 
dome or indeed from any salt dome. 
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Fic. t9.—Thin section of a flowage band of sand in the specimen of Figure 16. 
The location of the thin section is indicated on Figure 16. 


The largest part of the band is calcite (C) in large pure elements, and in smaller elements more inti- 
mately intergrown with the dark impurity which appears to be mainly sulphide (pyrite?). There are also a 
number of fragments of anhydrite (a), some of them in contrast with the country rock, partly gypsified- 
The quartz-sand grains are so small and scattered that it was not found practicable to indicate them indi- 
vidually except at q’. gq indicates sandy bands. 


Fic. 20.—Coarse, distinct breccia of very sharply parallel-banded dense white 
anhydrite in coarser anhydrite. 


External face (A) and polished face (B). Origin of specimen unknown. 
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on the side of the dark bands opposite the coarser anhydrite than 
on the other side. If these carbonates had been introduced after 
the formation of the bands by waters circulating along the bands, 
they should be equally abundant on both sides. 





Fic. 21.—Thin section of banded dense white breccia fragment from specimen of 
Figure 20. 


The approximate position of the thin section is indicated in Figure 20 


Furthermore, although there are carbonates in both the breccia 
fragments and the matrix, those in the fragments are mostly dolo- 
mite, and those in the matrix are mostly calcite. ‘The dolomite is 
cloudy and impure looking; the calcite is relatively clear. The dolo- 
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mite is in distinctly smaller and more regular crystals than much at 
least of the calcite. Altogether this evidence indicates that the dolo- 
mite originated at a different time from the calcite and belongs to a 
period in the history of the breccia fragments that preceded the 
brecciation. The presence and the unsymmetrical distribution of 
these dolomite crystals are just what would be expected in a sedi- 
mentary anhydrite rock, for ordinarily the precipitation of the car- 
bonates (dolomite or calcite) precedes the precipitation of gypsum 
or anhydrite in the undrained bodies of water in which all these sub- 
stances are deposited, and the more intensive precipitation of the 
carbonates would have a periodic recurrence with the rainy periods. 
It is also very probable that the size of the anhydrite crystals pre- 
cipitated would vary with the concentration of the solution, and in 
most known examples the crystals grow coarser as the solution grows 
more concentrated—that is, toward the upper part of a layer. This 
is the direction of increasing coarseness in the thin section of Figure 
21, if the bottoms of the layers are taken to be the parts in which 
there is the greatest concentration of dolomite. 

Support for the hypothesis of sedimentary origin of the banded 
dense white anhydrite can also be found in the distribution of cal- 
cite and anhydrite in a core of banded anhydrite rock of unquestion- 
able sedimentary origin which was kindly supplied by Dr. J. A. 
Udden. This core (Fig. 24), which came from the Flood well No. 1 
in Culberson County, Texas, forms part of a mass of anhydrite over 
1,000 feet thick which has been described by Udden.? Most of the 
mass is banded like this specimen. Udden shows that the banding is 
due to alternate layers of carbonate and anhydrite more or less 
sharply separated from one another (see Fig. 22), although in some 
layers the carbonate is less continuous and less definitely limited to 
a single layer. The carbonate in the thin section illustrated in Figure 
22 does not occur in well-defined isolated crystals, as in the breccia 
fragment of banded anhydrite shown in Figures 20 and 21, but in 
irregular fragments that lie partly in contact with one another and 
are elongated parallel to the bedding. Udden illustrates some speci- 
mens, however, in which the carbonate is in definite isolated rhom- 


* Johan August Udden, “Laminated Anhydrite in Texas,” Bull. Geol. Soc. Amer., 
Vol. 35 (1910), pp. 347-54. 
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bohedra.’ There is therefore considerable resemblance between the 
banded breccia fragments of the specimen represented in Figure 20 





Fic. 22.—Thin section from specimen shown in Figure 24 


The dark bands are mostly calcite with much organic matter. The light bands are mostly anhydrite 


and this anhydrite of unquestionable sedimentary origin. Although 
the specimen illustrated in Figures 20 and 21 is conspicuous for the 
definiteness of its characteristic features, it is probable that the 


« See especially Fig. 2 of Pl. 10, p. 351, and Fig. 1 of Pl. 9, p. 350, of his paper. 
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banded dense white fragments in other specimens of the anhydrite 
cap rock are of the same character. 

The remarkable agreement of the microscopic features of the 
breccia fragments of the specimen illustrated in Figures 20 and 21 
with what is found and what would be expected in anhydrite of sedi- 
‘mentary origin points definitely to the sedimentary origin of the 





Fic. 23.—Thin section of coarse, undisturbed, parallel-banded anhydrite rock of 
specimen of figure 13. 


¢ marks crystals of carbonate which, as far as they could be determined, are calcite. 


original anhydrite cap. These features might perhaps result from 
diffusion, but in the absence of any definite knowledge as to how they 
might be produced by that process, it is hard to believe that there 
could be so close a resemblance between characteristics produced by 
sedimentation and those resulting from diffusion. 

The microscopic evidence for the origin of the low-angle parallel 
banding in parts of the core that show no brecciation is not so con- 
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clusive. Figure 23 illustrates a thin section of material from the 
specimen of Figure 13. In this section the boundaries of the bands 
appear very nearly parallel and clearly marked by impurities, but no 
regular variation in the coarseness of anhydrite crystals across indi- 
vidual bands can be recognized. Carbonate crystals are abundant in 
some layers, but their very random distribution in the thin section as 
a whole, the apparently secondary penetration of the rock by cal- 
cite as indicated by the white calcareous patch marked c in Figure 13, 
and the general resemblance of these calcite crystals to those found 
scattered through the anhydrite cap in general and through the 
matrix of the breccia of the specimen illustrated in Figure 20 make 
it seem probable that most of them are secondary. If it were possible 
to differentiate in this rock between calcite and dolomite, the dolo- 
mite might be found to be of a different character from the calcite 
and to have a more definite distribution in the bands; but so far 
the writer has not been able to make this differentiation. Carbon- 
ate crystals of the size of the larger ones in Figure 23 can be recog- 
nized easily on the polished face of the core, and by treating these 
with acid it is easy to prove that they are dominantly calcite. But 
there are also many small carbonate crystals, some of which are indi- 
cated in Figure 23, and it seems significant that these are rather 
numerous along the surfaces of division between bands, especially 
along the more clearly defined, more impure portions. 


ABSENCE OF DETRITAL MINERALS 


One important bit of evidence against the assumption of general 
sedimentary origin of the anhydrite cap rock is the fact that the 
residue left by the solution of the anhydrite and gypsum with hydro- 
chloric acid does not seem to contain any detrital sand. It is of 
course quite conceivable that the basins in which the anhydrite 
may have been deposited were too large, that the currents in 
them were too sluggish, or that the cap rocks examined came from 
localities too near the centers of these basins for sand to have 
reached them. If further study reveals sand in some anhydrite 
caps and not in others, and differences in the prevailing size of 
the sand from different caps, it would pretty well prove the sedi- 
mentary origin of the anhydrite cap in general and might make it 
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possible to work out some of the boundaries of the basin or basins 
of deposition. In the sample from the Flood well, in Culberson 
County, Texas, sand is abundant and rather coarse; but the bedding 
in that core was much thinner than the bands in the parallel-banded 
cap rock, indicating differences in the conditions of accumulation 
of the two types of rock. 


FORM OF THE TOP OF THE SALT MASS 


Another feature which casts doubt on the assumption that the 
anhydrite of the cap was brought up as a bed of sedimentary anhy- 
drite from depth is the supposed form of the top of the salt mass. 
Evidence is accumulating, from those domes in which enough drill 
holes have reached the salt, to give the basis for an opinion as to its 
form, that the top of the mass is quite flat. It seems obvious that 
such a surface could not result from intrusion of the salt mass, 
which would yield some sort of convex or irregular upper surface, so 
that if the salt mass is intrusive, a flat upper surface must be due to 
some later alteration. Solution by underground water is the explana- 
tion that at once suggests itself. If this upper surface of the salt is 
formed by solution, it is hard to conceive of a cap of anhydrite of 
sedimentary origin lying directly on it. Perhaps these difficulties can- 
not only be met, however; they may even serve to account for the 
brecciated character of the anhydrite cap; for the breccia fragments 
may be due either to collapse of the cap onto the dissolving salt 
mass, or they may have existed as included fragments in the dis- 
solved salt. Under either alternative the matrix of the breccia 
fragments would be derived from solution and redeposition of part 
of the material of the original breccia. Stages in this process might 
also account for the parallel banding of the matrix anhydrite. 


SUMMARY OF EVIDENCE REGARDING THE ORIGIN OF 
THE ANHYDRITE CAP 


Although the possibility has been considered that the banding in 
the fine-grained breccia fragments and in the coarser-grained matrix 
may both be the product of sedimentation, the fragments are neces- 
sarily older than their matrix, and their banding may therefore have 
a different origin from that of the matrix. Three possible causes of 
the banding in both types of rock have been considered: (1) flowage 
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or shearing, (2) diffusion, and (3) sedimentation. No evidence from 
the banding of either type of rock favors origin by flowage or shear- 
ing. The microscopic evidence from the breccia fragments strongly 
favors a sedimentary origin of the material of those fragments, and 
the evidence from the larger features of those fragments, as it affords 
no clue in favor of origin by diffusion, is also taken to favor origin 
by sedimentation. The microscopic evidence from the banding in 
the coarser-grained matrix anhydrite is inconclusive, and the larger 
features of this banding somewhat favor origin by diffusion, though 
they can also be explained by assuming that they have resulted from 
sedimentary processes. Inasmuch as the evidence as to the origin 
of the anhydrite cap afforded by the banding of the coarse-grained 
matrix anhydrite does not affect the evidence afforded by the fine- 
grained breccia fragments, the origin of that cap from a bed of sedi- 
mentary anhydrite is indicated. 


CONSIDERATIONS REGARDING THE PRESENCE OR ABSENCE 
OF ANHYDRITE CAPS ON SALT DOMES 


If the anhydrite cap is, as suggested above, derived from a sedi- 
mentary bed of anhydrite brought up from depth by the salt which 
it overlay, it is reasonable to ask why it is absent on certain domes 
which are closely associated with others that have an anhydrite cap. 
Various possible explanations suggest themselves. One is that those 
salt plugs which lack anhydrite caps were formed in very sharp 
folds, which broke the anhydrite and gave the salt a clear passage 
through. Where that explanation fits the conditions observed the 
diameter of the salt plug should be small, at least in one direction. 
Or the anhydrite bed may have been thin and have broken open 
without very sharp foiding. Another possibility is that some of the 
salt plugs without anhydrite caps were derived from a different salt 
bed, one perhaps very different in age from that which formed the 
source of the plugs that have anhydrite caps. The general field rela- 
tions, such as lines of strike, should indicate whether there is any 
foundation for such an explanation. The Five Islands, none of which 
have anhydrite caps, are a group to which this explanation might 
apply. Another explanation, which would apparently also fit the 
Five Islands group, is that the anhydrite cap has come so near the 
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surface that it has been dissolved by surface waters. If that has 
happened, however, it seems as if there should be some residue from 
the solution. Anything that might be interpreted as such a residue 
is lacking, so far as known to the writer, from at least some of the 
Five Islands. Again, the salt plugs without anhydrite caps may be 
derived from a different part of the same salt bed, perhaps a part 
that lay nearer the edge of the basin of deposition or in some other 
locality where the overlying anhydrite bed was thin or lacking. But 
these are all guesses. What is needed is field observation of the rela- 
tions of the salt plugs with and without anhydrite caps, and petro- 
graphic study of the material directly overlying the salt plugs that 
have no such caps. 


THE CHARACTER AND ORIGIN OF THE CALCITE CAP 


Some of the preceding observations afford a basis for a brief con- 
sideration of the ‘‘limestone” cap, as it is generally called, or the 
calcite cap, as the writer prefers to call it. 

In the core from Sulphur Mine, as was shown above, the gypsum 
and anhydrite of the upper part of the gypsum-anhydrite cap are 
veined, penetrated, and in some portions almost completely re- 
placed by calcite. The deposition of calcite, growing more intense 
toward the upper part of the gypsum-anhydrite cap, no doubt en- 
tirely replaced some of the upper portions of that cap and continued 
into the overlying sediments. It is probably in this way that the 
calcite cap originated, and it is on this interpretation of its origin 
that preference for the name calcite cap is based. The term “‘lime- 
stone” has come to mean, to geologists, a rock consisting dominantly 
of calcite of sedimentary origin. As the writer believes that the cal- 
cite of the cap is dominantly of secondary origin, though some of it 
may be of primary sedimentary origin, the term “‘limestone” seems 
misleading. 

Reasons for considering the calcite cap essentially a replacement 
deposit are: (1) the evidences of replacement by calcite associated 
with veining by calcite seen in the gypsum of the Sulphur Mine core; 
(2) the evidence from the presence of sand, of calcified bedded sand- 
stone fragments, and of fragments of calcite rocks that differ in tex- 
ture and structure, some laminated, some homogeneous, that the 
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fragments in or between the vein portions are derived from sedi- 
mentary rock of different types. Some of these fragments are un- 
doubtedly derived from the gypsum-anhydrite cap, but where calci- 
fication is complete, this fact is difficult to establish and, in any 
event, is not important in the general interpretation of the calcite 
cap. 

Figures 25 to 28 and Figure 30 illustrate typical calcite cap rock, 
although these specimens have not been studied microscopically. 
Figures 25 and 30 show a type in which, it appears, calcite veining 
has taken place largely along bedding planes as well as across them. 
Anyone familiar with the marble from Winnfield, Louisiana, will 
recognize the resemblance between the two. The rock of Figure 26 is 
veined quite at random, probably because it was more massive than 
that of Figures 25 and 30, although it shows banding at an angle 
about like that in Figure 25. Figure 27 is of particular interest be- 
cause it shows different stages of movement with brecciation and 
veining. Between the coarse undisturbed calcite veins, which evi- 
dently represent the last stage of veining, are masses of brecciated 
dark rock which themselves contain breccia fragments and veins 
of an earlier cycle of movement. Some of these breccia fragments 
containing smaller fragments can be seen at points marked a in 
Figure 27. 

Figure 28 illustrates a type of sulphur-bearing calcite cap rock 
which seems to be characteristic of Hoskins Mound and in which the 
sulphur occurs as more or less definite bands in the calcite rock. 
Figure 26 also shows sulphur and gives evidence of its deposition 
inside of the calcite veins in the last stage of veining. Figure 29 
shows breccia fragments of sulphur in a breccia of calcite cap rock. 
Other specimens give evidence of successive periods of sulphur depo- 
sition that followed successive periods of brecciation. 

The evidence of successive periods of brecciation in the cap rock 
is offered because it has been suggested that these breccias might 
have been formed by collapse of the cap rock into caves occurring 
init. Such caves are encountered in drilling. But it seems highly im- 
probable that caves would characteristically form successively in the 
same place, so that material deposited at the bottom of one cave 
would later be dropped down into another one beneath. Further- 
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Fic. 24.—Well-laminated sedimentary anhydrite 


View of the outside of a core from 2,131 feet in the David Flood well No. 1, Gresham and McAlpine 
farm, Block 54, Sec. 42, School Lands, Culberson County, Texas. Received from Dr. J. A. Udden. 


Fic. 25.—Coarse white calcite, veined and interbanded with a banded, fine-. 
grained, black calcite rock. 

Polished face of a core from 705 feet in well T26 of the Freeport Sulphur Company, at Hoskins Mound, 
Texas. 

Fic. 26.—Massive, black, fine-grained calcite rock veined with coarse white 


calcite. 


A vague and irregular banding, suggesting flowage, can be recognized. s marks occurrences of sulphur. 
ss’ marks a thin vein, partly open, partly filled with sulphur. Polished face of a core from 1,379 feet in well 
18 of the Freeport Sulphur Company, at Hoskins Mound, Texas. 


Fic. 27.—Breccia of calcite cap rock 


. a marks breccia fragments which themselves are made up of fragments apparently from an earlier 
stage of brecciation. Polished face of a core from 1,052 feet in well T 23 of the Freeport Sulphur Company. 
at Hoskins Mound, Texas. 
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Fic. 28.—Bands of sulphur in calcite cap rock 


Two views of the same specimen, (A) the polished face, (B) the outside surface. In the polished face, the lighter portions 
are sulphur, as indicated, sporadically, by s. The sulphur occurs more or less in well-defined, roughly parallel bands which 
appear as the raised portions on the outside surface. On the polished face, these sulphur bands can be seen to be accompanied 
by thin seams of darker calcite, most of which sharply bound one edge of the sulphur bands. Core from 1,295 feet in well 


No. 2 of the Freeport Sulphur Company, at Hoskins Mound, Texas. 
Fic. 29.—Brecciated calcite cap rock full of sulphur fragments 


s marks a few of the sulphur fragments. A marks what is probably a single fragment in the present breccia, but made 
up of tragments from an earlier stage of brecciation and cut by a calcite and sulphur vein (V and S) which does not extend 
beyond the fragment. The boundary of A has been retouched in the illustration. / marks some of the breccia fragments of 
calcite rock. Polished face of a core from well 273 of the Union Sulphur Company, at Sulphur Mine, Louisiana. 


Fic. 30.—Similar to Figure 25 with more sharply defined bands 


Polished face of a core, specimen 135 of the Texas Gulf Sulphur Company, from Big Hill, Matagorda County, Texas At 
the top of the figure calcite-lined druses can be seen. The specimen is lying on its side. 
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more, it seems likely that a cave breccia would contain fewer rela- 
tively small fragments and that it would be cemented by coarse- 
vein calcite rather than by material similar to the breccia fragments. 
More probably these breccias are the result of crushing by upward 
movement of the salt plug or by faulting. 

The microscopic character of calcite cap rock that is undoubtedly 
similar to that illustrated in Figures 25, 26, and 30, though repre- 
sented by chips in which the larger relations could not be seen, is 
illustrated in Figures 31 and 32. Figure 31 illustrates a type of rock 
similar on a smaller scale to that of Figures 25 and 30. Vein calcite 
has penetrated all through a rock which originally was apparently 
parallel banded. The original rock, in its present condition also com- 
posed of calcite, is represented by the darker, less pure, and generally 
finer-grained portions. The specimen shown in Figure 32 is of par- 
ticular interest because it includes, parallel to disturbed bands of 
calcite rock of various textures penetrated by vein calcite, irregular 
bands of quartz sand also in a calcite matrix. This obviously sedi- 
mentary material is 128 feet below the highest specimen of calcite 
cap and only 50 feet above the highest specimen of characteristic 
cap-rock anhydrite received from this well. 


SOURCE OF THE SEDIMENTARY MATERIAL IN THE 
CALCITE CAP 


One of the most interesting problems regarding the calcite cap is 
the source of the sedimentary rock in which the calcification has tak- 
en place. Calcification of sedimentary beds in place adjacent to the 
present cap seems to be pretty well established, so that there is good 
reason for assuming that some of the calcite cap originated near its 
present position. But if the intrusive origin of the salt plug is ac- 
cepted, it seems reasonable to assume that some of the material of the 
calcite cap may have been derived from sedimentary beds encoun- 
tered in depth by the salt plug in its upward passage. Indeed, on the 
basis of the intrusive theory, it seems pertinent to ask, as with the 
anhydrite, If there are no remnants of material of deep-seated origin, 
what has become of them? In general, the sedimentary material 
originating at greatest depth should of course occur in the deepest 
part of the calcite cap. If some of the calcite cap can be proved to 


81 


PETROGRAPHY OF SALT DOME CAP ROCK 





“sexo, ‘(pUNOJ, SUTASOP 7 ‘Auvdurog sexay, oy} Jo Ax jfaas ut yoo} LE0°r 0} gfo'r 
WoIg ‘SIdAe[ aITUYEp 0} pozUN] Jou pue Iv[NSeLI st pues JO UOTNI}SIp ayy ‘g8emop jo ser B se A[qeumseid ‘ysnoy} ‘s1eAv] Apues AjoyUYap VOU SYIeU ss 


ginjeu ArejusUMIpas B Jo ZuIpurq o}Uyep SuLmoys “ydor deo oypoyeo Apuvs Jo worses uly] — ee “O1y 


“sexo, ‘puNoy suTysoR 32 ‘Auedurod sexey ay} jo LI [jam ur ya0q gro 
0} 446 wo1g “AjrepnSorm oyeIeued puv urea Ady} Yor syred Yovyq 0} omduit oy} uLy} 104%] Apuoredde are sjied reaps ApDeJ10d ay} Inq ‘9}19Ted ST YIOI 943 [TV 


aqoyeo Aq yor papueq-yortq v Jo uoryerjaued Surmoys ‘yoor deo ay19[e9 Jo wor}des UIYL—IE “Oly 





82 MARCUS I. GOLDMAN 


come from great depths, the primary sedimentary origin of the an- 
hydrite cap that underlies it would at the same time be proved. 
The writer has no evidence contributing to the solution of this 
problem. Fossils, if there ever were any in the material from which 
the calcite cap was formed, are not likely to have survived the intense 
alteration that it has undergone. But there is a nice opportunity 
here, by using the sandy material in the cap, to see what can be done 
by mineralogic correlation. This line of attack offers many obstacles, 
but it seems the best available and if successful would afford valu- 
able evidence on the whole problem of the origin of salt domes. 


SOURCE OF THE CALCITE OF THE CALCITE CAP 


The source of the calcite which, apparently by veining, cementa- 
tion, and replacement, has formed the calcite cap is another problem 
on which little evidence is available from the writer’s own observa- 
tions. The occurrence of the calcite and sulphur in such intimate 
association above a mass of anhydrite and the abundance of hydro- 
carbons in the beds adjacent to most domes suggest the obvious idea 
that the calcite and sulphur are the products of reduction of the an- 
hydrite by the hydrocarbons..Chemically this reaction is quite 
possible, as is pointed out below in the general statements on the 
chemistry of cap rock. That it is the reaction by which the calcite 
cap has actually formed is not proved. The calcite and sulphur bear 
all indications of having been introduced from outside along veins 
and planes of weakness and by penetration and replacement in the 
adjacent rock. Presumably the intense reaction between hydro- 
carbons and anhydrite would take place at the edge of the anhydrite- 
gypsum cap, and it is in the outer edge of the cap that sulphur and 
calcite are said generally to be most abundant. But this relation of 
calcite and sulphur to the cap is to be expected, whatever outside 
source they may have had, so that it proves little. 


MINOR CHARACTERISTICS OF CAP ROCK 


This paper attempts no discussion of features not considered essen- 
tial to the interpretation of the origin of the cap rock. Among these 
minor features is the presence of sulphides, which are very common 
in the anhydrite cap, although in most specimens they occur in small 
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proportion. Another is the presence, in the gypsum-anhydrite cap, 
of carbonates of a stage apparently preceding the calcification that 
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produced the calcite cap. Calcite is, as might be expected, the most 
common of these carbonates, occurring characteristically in well- 
developed rhombohedra, many of which show growth stages. Dolo- 
mite is disseminated as crystals in the breccia fragments illustrated 
in Figures 20 and 21, but it appears to be scarce; the tradition that 
dolomite as a rock makes up some cap rocks seems to have no 
foundation in fact. In one specimen of anhydrite from the Davis 
Hill salt dome, disseminated crystals of brown sideritic carbonate 
were common, and in another, of unknown origin, similar crystals 
were disseminated in intimate association with a sulphide, presum- 
ably pyrite. 

Other constituents of interest are barite and celestite, the sul- 
phates of the less common alkaline earths barium and strontium, 
which were found in a number of specimens of the calcite cap. 

Very nearly perfect doubly terminated quartz crystals appear to 
be present in all gypsum and anhydrite cap rock, as they were found 
in the residue of all specimens of this material dissolved in hydro- 
 chloric acid. In most of the rock they are too scattered and scarce 
to be found in thin sections. Most of them appear quite pure and 
clear and give no indication of having been derived by the growth of 
secondary quartz around an original detrital grain of quartz sand. 
According to Cayeux" such quartz crystals are characteristic of gyp- 
sum deposits. 

Among certain peculiar features that are not discussed in detail 
in this paper, one of the most interesting and puzzling is the occur- 
rence of large pieces of sandstone or of calcified sand in the midst of 
anhydrite, as illustrated in Figures 16, 17, and 19. Is this sedimen- 
tary sand that was deposited in the midst of sedimentary anhy- 
drite; or did the anhydrite flow around sand or sandstone adjacent 
to it; or is it secondary anhydrite deposited from solution around 
the sand? 

THE CHEMISTRY OF CAP ROCK 


One of the chemists of the United States Geological Survey, 
Mr. R. C. Wells, when asked to discuss the possible chemical reac- 
tions involved in the origin of cap rock, pointed out that there are 


*L. Cayeux, Introduction a Vétude pétrographique des roches sédimentaires, p. 196. 
Paris, 1916. 
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so many possible reactions that merely to list them would leave the 
solution of the problem little farther advanced. The geologist must 
obtain from field observation all possible evidence as to the reac- 
tions that seem to him likely to have taken place and then come to 
the chemist for guidance as to which of these reactions are possible, 
and which, under the particular circumstances, are the more prob- 
able. 

The following simple statements, however, were obtained from 
Mr. Wells and are offered with his approval: (1) Hydrocarbons 
(oil, gas, and so on) from the sedimentary rocks reacting with an- 
hydrite or gypsum might very well produce CaCO, and S or H.S. 
In this way sulphur might be separated in depth and CaCO, re- 
moved. (2) Sulphur could go into solution by virtue of a number of 
reactions, especially at high temperatures—as organic sulphur- 
hydrocarbon compounds, for instance, or by reaction merely with 
water, yielding H.S, H.SO,, SO., thionates, etc.—or it could be sub- 
limed. (3) The separation of sulphur from HS is an oxidation 
process and would therefore probably depend on the migration of 
the solution carrying the H.S to upper levels where it could be oxi- 
dized. In this way sulphur might be separated near the surface. (4) 
Metallic sulphides would be very likely to be formed by H,S-bearing 
solutions passing through rocks that contained metallic oxides or 
metallic carbonates. (5) As the formation of sulphur in the upper 
zones is likely to depend on oxidizing conditions, the formation of 
sulphides might well precede that of sulphur in those zones. (6) It is 
quite possible that barium and strontium sulphates might, like cal- 
cium sulphate, be reduced and brought into solution by hydro- 
carbon-bearing waters, by which they might be transported to 
regions where sulphates were again in sufficient excess to redeposit 
them as sulphates. (7) The transformation of anhydrite into gypsum 
can take place at almost any temperature in the presence of pure 
water, but in the presence of sea water it could probably take place 
only at temperatures below 30° C. (80° F.), and in the presence of a 
saturated solution of NaCl only at somewhat lower temperatures. 
So far as observations go, it does not seem probable that the temper- 
ature of this transformation would be much influenced by pressure, 
but it obviously is much affected by the presence of dissolved salts. 
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According to observations by C. E. Van Orstrand, of the Geological 
Survey, this temperature of 30° would be reached at Damon Mound 
at a depth of about goo feet. 

In conclusion, it is worth while always to have in mind that differ- 
ent cap rocks or different parts of the same cap rock may have differ- 
ent origins. The evidently complicated history of any specimen of 
cap rock points that way. Keeping this possibility in mind may 
avoid some confusion and misunderstanding. 
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REGION OF RUMANIA 
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ABSTRACT 


The Rumanian salt domes are confined to the axial portions of sharp anticlinal 
folds and fracture zones which affect the sedimentary rocks of the region. The anti- 
clines are aligned with the Carpathian axes. Intrusion of the salt has been accompanied 
by intrusion of thick masses of breccia composed of sedimentary and some igneous rocks 
of all ages, including types of rock unknown beneath these portions of the mountains. 
Both salt and breccia have been thrust upward in diaper manner and even overthrust 
with sharp, recumbent crests. 

The author believes that the salt in the Rumanian domes cannot be of Miocene 
age, as has been previously contended, and he argues that the original salt beds from 
which salt domes have formed, not only in Rumania but universally, are products of 
the evaporation of the earliest lakes and shallow seas to form on the surface of the primi- 
tive earth. These waters were rich in chlorides and other salts taken into solution from 
the heated rocks of the earth’s crust and condensed from the heavy blanket of the earth’s 
atmosphere. Part of the immense quantity of salt deposited in this manner was re- 
dissolved in the permanent oceans, but after these had become saturated, the main part 
of the salt deposit remained, to be covered by the first muds laid down on primitive 
sea floors. They were thus protected until movement and pressure squeezed the salt 
upward as salt plugs. The intrusion of the Rumanian salt plugs is late Pliocene or early 
Pleistocene. 


INTRODUCTION 

Salt is the most widely distributed mineral in the Carpathian 
region of Rumania, and when all the salt deposits here are known, 
there will be few countries that can boast the same richness in salt. 
Already more than 200? salt domes and 350 salt springs are known in 
this region, the springs indicating the presence of deep salt masses. 
Besides these, some salt or alkaline lakes are found in the projection 
of the axis of the southern curve of the Carpathian arc (Plate 1). 

To facilitate 2 clear understanding of the occurrence of the salt 
domes, it is desirable to undertake first a general survey of the 
geology of the Carpathian region of Rumania. 

t The translation ‘‘salt domes” should now correctly read “‘salt anticline.” 


2 The following salt domes of the Carpathian region are now exploited: two in 
Maramuresh, one in Bucovina, one in Moldavia, one in Muntenia (Wallachia), one in 
Oltenia, and five in Transylvania. For the mode of exploitation, see Ing. Zernoveanu, 
“Sarea si exploatarea ei in Romania” (“Salt and Its Exploitation in Roumania”), 
Annales des Mines de Roumanie, 1923. 
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GEOLOGICAL STRUCTURE OF THE CARPATHIAN REGION 


From a geological point of view, Rumania may be divided into 
two great regions (Fig. 1): 

t. The Carpathian Mountains proper, in which all the structural 
Carpathian zones, folded or not, are included, and form a unit. 

2. Areas adjacent to the Carpathians, containing the structural 
units of the forelands, namely: (a) the Podolico-Russian platform 
on the east and northeast border of the Carpathians, the frontal parts 
of which are found today sunken under the Moldavian upland and 
the Moldavo-Bessarabian depression; (0) the Varisco-Kimmerian 
chain of northern Dobroudja, on the southeast, which in Permo- 
Carboniferous time formed a continuous mountain chain with the 
Sudets; (c) the Pro-Balkan platform, on the south containing south- 
ern Dobroudja and the Pro-Balkans, the frontal parts of which are 
found today sunken under the Rumanian plain (the plain of Wal- 
lachia) and the Getic depression of Oltenia. 

These three outer structural units surround in a semicircle the 
exterior border of the Carpathian arc, and the tectonic movements 
in them have contributed strongly to the formation of the structure 
of the Carpathian Mountains. 

Since the salt-dome masses as well as the saline springs appear 
only in the Carpathian province, a brief but detailed description of 
its geological structure will be given. 


THE CARPATHIAN MOUNTAINS PROPER 


A general morphological study of the Carpathian Mountains re- 
veals the following tectonic units: 

a) The Old Carpathians, which, on account of their strong de- 
velopment in the old province of Dacia, are designated as the Dacic 
chains, are formed of crystalline schists, generally Paleozoic, and 
old granitic rocks; some areas of less metamorphosed Paleozoic 
formations, Devonian, Carboniferous, and Permian; and Mesozoic 
formations, Triassic, Jurassic, and Lower Cretaceous—the bathyal 
facies, preserved in synclinal troughs in the regions of crystalline 
schists. 

The Dacic chains that once with the central zone of the Alps 
formed a unit—a central Carpathian block—are now isolated sunken 
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segments, disposed in two series of descending steps around the 
great “Panonic depression” that occupies the central part of the 
block. The steps are separated by smaller secondary depressions: 
the Raab depression on the west and the Transylvanian basin on 
the east. 

On the Rumanian side of the Panonic depression, that is, on the 
east, the first more deeply sunken step is represented by “Muntii 
Apuseni” (the western mountains). The second, separated from the 
first by the depression of the Transylvanian basin, is composed of 
two large areas of crystalline rocks. In the southern Carpathians 
are the crystallines of the Getic Mountains and those of the Banat, 
which are connected with the southern part of ““Muntii Apuseni’”’ by 
the ‘“Muntii Poiana Rusca’’; and in the eastern Carpathians there 
are the crystallines of the mountains of Bistritza and Maramuresh. 

In all these large or small areas of the central block traces of two 
periods of folding are in evidence: first, the obscured traces of the 
Hercynian folding (Mid-Carboniferous) over which the conglomer- 
ates of the Permian (Verrucano) transgress; and second, the strong 
folding, with overthrusts of the Middle Cretaceous that gave the 
present general configuration to the Carpathian chain. 

An effect of these movements was the formation of all the large 
and small structural depressions on the inner and outer border of 
the central block that separated various chains. Subsequent epochs 
of folding have only accentuated these features. In the depressions 
were deposited the post-Lower Cretaceous formations. 

b) The Flysch zone of the Carpathians is composed of a broad 
zone of Cretaceous-Paleogene, deposited in the depression that sur- 
rounded the remains of the central block. It was strongly folded in 
the Oligocene, the Miocene, and at the end of the Pliocene, forming 
today the high crest of the eastern and northeastern Carpathians. 

Toward the southwest the folds in the Flysch, as they approach 
the great massif of crystallines in the southern Carpathians, pass 
from the Carpathians to the sub-Carpathians in the form of three 
anticlinal axes that plunge gradually to the west, squeezed between 
the great synclinal basins of the Mio-Pliocene that separate them 
(Fig. 2). These three terminal anticlinal crests correspond tectonic- 
ally to the three successively superposed overthrusts of the Flysch, 
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disposed in the form of steps, mounting one over the other toward the 
exterior, the last one overriding the sub-Carpathians. These, in turn, 
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correspond to the three facies of the Eocene (the interior facies, the 
facies of Fuzaru sandstone, and the marginal facies) of the eastern 
and northeastern Carpathians. 
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c) The sub-Carpathians, consisting only of Tertiary sediments, 
represent the newest system of folds that were added to the Car- 
pathian Flysch at the end of the Pliocene or beginning of the Qua- 
ternary, and that surround it completely. 

These three great tectonic units of the Carpathian region repre- 
sent, thus, three zones that were folded at different epochs, the 
newer being added successively on the exterior of the older. 

At the same time each of these tectonic units represents one com- 
plete evolutionary cycle (lithogenesis, orogenesis, glytogenesis) of 
the stages through which the geosyncline of the Carpathians has 
passed. The geosyncline has been moved outward three times under 
the influence of the successive sinkings, in the form of steps, of the 
frontal regions of the forelands. 

These outward displacements of the Carpathian geosyncline at 
different tectonic periods have caused the three tectonic units of the 
Carpathians (the Dacic chains of the old Carpathians, the Flysch 
zone of the Carpathians, and the sub-Carpathians) to be disposed 
in three steps descending outward, separated by lines of strong 
longitudinal fractures, along which the older and inner overlap the 
newer and outer ones. 


SALT DOMES AND SALINE SPRINGS 


RELATIONSHIP OF SALT DOMES TO THE STRUCTURAL ZONES OF 
THE CARPATHIANS 

Very few springs (Plate 1) are connected with the step blocks 
of the forelands, and these, like the salt springs of the Moldavian 
upland and those that supply the salt and alkaline water lakes of 
the Rumanian plain adjoining the southern curve of the Car- 
pathians, contain only a small amount of NaCl, though more NaSO, 
and MgSO,. The salt domes, as well as the pure salt springs, ap- 
pear only in the Carpathian region proper. 

Aside from the saline and sulphurous hot springs which appear 
in the fractures bordering the granite of the valley of Cerna at the 
Baths of Hercules (Banat) and which are surely connected with the 
post-volcanic manifestations of this region, it is found that masses of 
rock salt or saline waters occur in almost all the formations under- 
lying the Carpathian regions. 
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Beginning with the oldest formations, a strong salt spring is 
found in a fracture of the crystalline mica schists in the mountains 
of Persani, at Sinca Noua, in the southeastern part of Transylvania. 

In the Lower Cretaceous (Albian), salt springs occur at Comar- 
nic, Bertea, and Vulpea, in the district of Prahova; and at Bela, in 
the district of Dambovita, in the western prolongation of the anti- 
cline whose core contains the salt mass of Bezdeadu (Plate 1 and 
Figs. 3 and 4). 

Under the sandstone of the Upper Cretaceous (Cenomanian), a 
salt mass and two salt springs appear under the peak of Maciucu 
Bertei (Bertea, Prahova). 

In the Paleogene of the Carpathians (Eocene and Oligocene), 
there are innumerable salt springs and a great many salt domes ex- 
tending the entire length of the Flysch zone from north of Bu- 
covina to west of the Olt, in the southern sub-Carpathians, and from 
its exterior to its interior border. The salt masses occur always in 
the more or less fractured anticlinal crests. In the Flysch of the 
eastern Carpathians, the salt masses as well as the salt springs are 
much more numerous in the vicinity of its outer border fault (Plate 
1 and Figs. 5 and 6). In the prolongation of this zone in the south- 
ern sub-Carpathians the occurrences of salt masses and salt springs 
are closely connected with the terminal anticlinal crests of the 
Paleogene that disappear gradually toward the west. 

In the Miocene, Pliocene, and even Quarternary, there are many 
salt domes and springs along the entire length of the eastern sub- 
Carpathians, from northern Bucovina to their southern curve, and 
from there westward throughout the southern sub-Carpathians, as 
far as the valley of Jiu. They are most numerous in the neighbor- 
hood of the marginal fracture of the Flysch and of the flexure along 
the outer border of the sub-Carpathians (Plate 1). Salt domes and 
springs are also found in the Miocene and Pliocene of the interior of 
the Carpathian chain, in the Transylvanian basin, where the greatest 
number of the salt domes seem to be connected with the marginal 
fractures of the depression, although there are some within the basin, 
as well as in the Maramuresh (Plate 1 and Fig. 7). 

Salt is found even in the great Panonic depression, for at Brustur 
(Tartaros), on the northwest border of the crystallines of the eastern 
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Fic. 4.—Geologic cross-sections of the area shown in Figure 3 
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mountains (“‘Muntii Apuseni”), on the fault that separates these 
crystallines from the Mio-Pliocene of the depression, there is a strong 
salt spring. 

The map of the salt deposits and salt spring (Plate 1) shows that 
in Bucovina they are scattered over the whole zone of the Paleogene 
Flysch, from the border of the crystallines to the sub-Carpathians, 
while in Moldavia they are commonly grouped together near the 
outer border of the zone of Paleogene Flysch and the inner border of 
the Miocene of the eastern sub-Carpathians. 

The southern curve of the Carpathians may be considered as 
beginning at the river Trotus and the town of Targu-Ocna, where the 
strike is N. 15°-20° E., continuing to Ochiuri-Ocnita, in the district 
of Dambovita, where the strata strike is N. 70°-75° E. Outside the 
Carpathians the salt masses as well as the salt springs are not only 
more numerous, but also scattered over the entire breadth of the 
sub-Carpathians, from their border toward the plain, beyond the 
inner border of the terminations of the Paleogene Flysch, up to the 
fractured border of the Lower Cretaceous zone of the high Car- 
pathians. In the vicinity of the same curve, and especially in the 
southern part of Moldavia, the salt domes and springs appear in the 
interior of the Paleogene Flysch zone of the Carpathians up to the 
high crest of the mountains. They are found in the valley of Slani- 
cul Moldovei, and in the valley of Oituz, even beyond this crest (at 
Poiana Sarata and Oituz), on the Transylvanian side of the moun- 
tains (Plate 1 and Figs. 5 and 6). 

It should be remembered, aiso, that opposite this curve of the 
Carpathians there are the salt and alkaline lakes of the Rumanian 
plain, scattered over the whole zone between the rivers Ramnicul 
Sarat, Ialomita, and Danube (at Braila), the lakes being supplied 
by springs containing salt and magnesia. 

In the Transylvanian basin the salt domes appear along the anti- 
clinal crests in the direction of the Miocene (north-northwest— 
south-southeast), the salt masses being much more numerous along 
the fractures that accompany the borders of this depression than in 
the interior of it. In Oltenia these occurrences are all grouped to- 
gether in the narrow strip of Cretaceous-Paleogene-Miocene, in the 
vicinity of the fault of the crystalline outlier of the Getic Mountains. 
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In Maramuresh they are grouped in the Paleogene-Miocene in the 
northeastern end of the Panonic depression, which touches here on 
the border of the crystallines of the northeastern Carpathians. 

The broad zones separating the salt domes and springs in the 
interior of the old Carpathians from those on the exterior generally 
have a foundation formed of crystalline schists, deeply meta- 
morphosed, and old eruptive rocks as well as the spots of Paleozoic- 
Mesozoic, more or less metamorphosed and closely connected 
tectonically with the crystallines. 

From these statements it might be deduced that the salt domes 
of the Carpathian regions are connected with the zones in which the 
older geologic formations have not suffered such metamorphism. 
Also, study of the grouping of these salt domes in the different 
structural units of the Carpathian zones show that they are con- 
nected with the zones of more recent geosynclinal depression, name- 
ly, of the geosynclines produced since the Upper Cretaceous. The 
occurrences of salt masses and springs are much more numerous as 
these increase in proportion to the depth of the troughs. 


RELATIONS OF THE SALT DOMES TO THE FOLDS AND FRACTURE LINES 
OF THE CARPATHIAN MOUNTAINS 

All the salt masses and springs of the Carpathians are confined to 
the cores of the anticlines, regardless of the age of the geologic forma- 
tions constituting their flanks or their cores. In no case do these 
domes or springs appear in synclines. Where the salt masses come 
to the surface in the cores of the anticlines, their crests are fractured, 
and very frequently, besides these fractures, the flank that is on the 
inner side of the corresponding Carpathian zone overlaps the outer 
one, which, in this case, is sunken and folded over the adjoining 
syncline (Figs. 3 and 4). In the sub-Carpathians as well as in the 
Transylvanian basin, but especially in the zone of the Cretaceous- 
Paleogene Flysch of the eastern Carpathians and the southern sub- 
Carpathians, the anticlinal lines are in most cases highly developed 
in the whole region. The salt masses are aligned along them in gar- 
lands piercing their crests from place to place. In the points where 
the salt masses did not reach the surface, salt springs are found on 
the apex of the anticlines (Figs. 3, 4, and 5). The great development 
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of longitudinal faults throughout the Carpathians has facilitated 
the intrusion of the salt. This is the case with the great longitudinal 
fault on the outer border of the Flysch of the eastern Carpathians 
where the Cretaceous-Paleogene Flysch overlaps the sub-Carpa- 
thians and where the most numerous salt domes appear. The same 
is true in the fractured anticlines in which the Cretaceous-Paleogene 
Flysch of the eastern Carpathians ends in the southern sub-Carpa- 
thians. Other examples are the great flexure on the outer border of 
the eastern and northeastern sub-Carpathians, and those on the ends 
of the anticlines of the Mio-Pliocene in the southern sub-Carpa- 
thians toward the Rumanian plain and the Getic depression of 
Oltenia (Figs. 3-6). Finally, faults also delimit the depression of the 
Transylvanian basin (Fig. 7), which contains many salt domes. 


TECTONICS OF SALT-DOME INTRUSION 


Irrespective of the zone in which they appear, whether the 
Carpathians, sub-Carpathians, the Transylvanian basin, or the 
prolongation of the Panonic depression in Maramuresh, the salt | 
masses appear to be genetically identical. The salt everywhere ap- 
pears in the form of great lenticular masses more or less elongated 
along the major anticlinal axes and generally cutting the anticline 
obliquely in vertical section. 

Around the salt mass there is generally a tectonic breccia, 
formed from fragments of different rocks, whose size varies from fine 
clay up to large blocks, rounded or angular with dimensions from 
some centimeters up to several meters, and sometimes (in Valea 
Dulce, at Podenii Noi) even some hundreds of meters (Figs. 3 and 4). 
The formations that remain unbrecciated on the flanks of the anti- 
cline sometimes present incipient stages of brecciation. In the great 
majority of cases these strata have been thrust backward and up- 
ward. Their margins are thinned upward along the gliding surface 
that separates them either directly from the salt mass, or from 
its surrounding breccia, when this is present. Each component of 
the domes will now be described. 

The salt-—The salt is chemically very pure and is all crystalline, 
generally with a granular structure, and rather fine-grained. Only in 
the sheared zones with brecciation and recrystallization does the salt 
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appear impure, harder, and in large cubic crystals, which are some- 
times very large. Foreign elements are gypsum and fragments of 
clay folded into the salt. 

The salt masses are always banded with darker stripes because 
the salt is a stratified deposit. The thick strata are white; the thin 
strata (2-3 cm. thick) are dark in color but pure in composition, 
the darker coloration being due possibly to some inclusions of a 
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Fic. 8.—Variegations and phenomena of dissolution on the surface of the rock — 
salt outcrop at “Baia Baciului,” Slinic, Prahova (Muntenia). 


chemical nature’ (Fig. 8). The presence of these bands furnishes a 
means of knowing the intimate tectonic structure of the mass. The 
countless synclinal and anticlinal folds (Fig. 9) which show intense 
squeezing and fracturing, especially in the synclines, indicate the 
powerful compression that the salt masses underwent during their 
intrusion. The abundant breccia that is developed around the salt 
masses is obvious proof of the enormous mechanical force that was 


* Dark color bands in American salt domes are caused by anhydrite crystals.— 
EDITOR. 
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exerted against the rocks of the cores and the arches of the anticlines 
in order to pierce them on their way upward. This force caused the 
characteristic folded structure. 

The flanks of the domes are usually curved and almost vertical. 
Downward enlargement is asymmetrical with the straight side away 
from the direction of thrust. The crest of the salt mass or the crests, 
if these are multiple (Baicoi-Tintea, Bana, Cacica, etc.), present 





Fic. 9.—Anticlinal fold made conspicuous through variegations in a gallery in the 
“Ocnele Mari,” Valcea (Oltenia) salt dome. 


different aspects according both to the section of the mass considered 
and to the shape of the anticlinal fold. 

Domes that reached the surface through a complete fracturing of 
the anticlinal crest crop out in circular form. Where the anticline 
contains local domal nodes, as is generally the case of the salt masses 
of Transylvania (Uioara, Sovata, Praid, etc.), the salt core enlarges 
downward a short distance. The outline of other salt cores is oval 
(Gura Slanicului, Moldova, Ocnita, etc.). Still others have sinuous, 
pod-shaped, or crescentic outlines, as in the domes of the Carpa- 
thians or the sub-Carpathians (Targu-Ocna, Moreni, Ochiuri, Slanic- 
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-ahova, Ocnele Mari-Valcea, Martiia, Apostolache, Podenii Noi, 
-¢.). These are on long anticlinal lines whose crests are more or less 


and sometimes recumbent (Figs. 3-7). 





OQutcrops of salt show characteristic signs of erosion modeled by 
water (Figs. 8, ro, and rz). They show concave surfaces, 


wnel-shaped sink holes, and salt lakes (Telega, Targu-Ocna, 
ui, Sovata, Slanic, etc.). Sometimes, because the bot- 











E Q ck salt mass of Sl&nic, Prahova that appears at “Baia 
ctuke.” A inal fold is to be observed. 





mm is covered with fine deposits of clay, the lakes contain fresh 
\ 


umpina, etc 





Surficial enlargement of the edges of the salt cores, as deter- 


umed by vertical sections, is due to the plasticity of the salt, which 
~auses flowage on release from the pressure of the rocks on the flanks 





alt cores that do not reach the surface have a lentic- 
I crest, or are irregularly folded. The crests 
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same domes after having pierced vertically a part of the rocks 
surve laterally and intrude horizontally between the upper strata 
for greater or less distances (Dej, Transylvania). Considered as a 
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whole, the salt core constitutes an entire and compact unit, like a 
great lenticular kernel, intensely folded and refolded. 

There are cases in which the salt core has two peaks, separated 
by a strongly compressed syncline of sedimentary rocks (Baicoi- 
Tintea). This syncline is sometimes completely brecciated (Cacica- 
Bucovina), the two peaks being in this case separated by a large zone 
of breccia. In other cases, through squeezing and flowage, the breccia 





Fic. 11.—The rock salt mass of Praid, Transylvania, crossed by the valley 
“Corond’’; the salt is white, the tectonic breccia dark. 


has been completely obliterated, the peaks being separated by only 
a thin zone of a harder salt, with larger and less pure crystals, con- 
taining rock inclusions that are more numerous at the edges of the 
core (Slanic-Prahova, Ocnele Mari-Valcea, etc.). 

All the fossil remains found thus far in the rock salt come only 
from those inclusions which were torn off in the synclinal parts of 
the intrusion and afterward squeezed and laminated. Consequently, 
they do not belong to the salt, but to the sedimentary formations sur- 
rounding it, through which the salt mass has penetrated. The brec- 
cia separating the crests of the salt mass of Cacia (Bucovina) con- 
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sists only of Oligocene and Eocene rocks. The very laminated brec- 
cia in the salt mass of Slanic-Prahova is formed of Eocene and 
Mediterranean rocks. The rocks separating the crests of the Baicoi- 
Tintea and Bana (Prahova) salt domes belong to the Upper Pliocene 
(Docian). 

The Breccia around the salt cores—This breccia is a tectonic 
formation, and was produced during the intrusion of the salt mass 
by the fracturing of all the formations through which it pierced. The 
greater part of the breccia is derived from the rocks of the uppermost 
formations. Around the salt cores of the Cretaceous-Paleogene 
Flysch of the eastern Carpathians the breccia contains fragments of 
the Senonian, Eocene, and Oligocene. Eocene-Oligocene fragments 
predominate in the cores that pierced to the surface through the 
whole series of Flysch (Targu-Ocna, Stanesti-Solont, Grozesti, etc.). 
Fragments of Eocene rocks only occur in the masses that did not 
pierce through the whole series (Gura Slanicului, Slanic Sat, Tazlaul 
Sarat, etc.). 

In the sub-Carpathians, where the known geological formations 
embrace the entire Tertiary, the breccia usually consists of Paleogene- 
Miocene rocks. One example is Sarata, near Bacau, where there also 
isa great Klippe of Paleogene; others are found in the southern sub- 
Carpathians (Slanic-Prahova, Gorganu, Valea Bisericii at Poiana de 
Variblau, etc.), in the region of the last anticlines in which Paleogene 
Flysch is exposed, Figs. 3-6). 

Around the cores that have stopped in the Miocene of the 
Transylvanian basin, as well as around those on the outer border of 
the southern sub-Carpathians and in the Getic depression, the tec- 
tonic breccia consists either of Miocene rocks only (Transylvania and 
the Getic depression) or of Miocene and Pliocene rocks. A number of 
Klippen of Oligocene occur on the border toward the plain of the 
southern sub-Carpathians (Floresti, Matita, Apostolache, etc.), and 
on the eastern border of the Transylvanian basin (Sovata, Corond, 
etc.). 

In most of the domes in the Pliocene of the southern sub-Carpa- 
thians, either breccia is absent (Ochiuri, Gura Ocnitei-Moreni- 
Bana, etc.), in which case it was left behind when the salt mass en- 
tered the Pliocene, or the breccia is represented only by some rather 
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small masses that could have been broken off and carried up by the 
salt mass from the breccia that remained -at a depth (Baicoi-Tintea, 
Floresti, etc.). The scarcity of breccia is attributed to the plasticity 
of Pliocene rocks, which consist of loosely compacted sands and 
clays. 

Fragments of formations older than the Tertiary in the southern 
sub-Carpathians are confined to the breccia around the salt masses 
in the vicinity of the marginal fault of the southern Carpathians and 
in the zone of the terminal anticlines of the Carpathian Flysch, end- 
ing in the sub-Carpathians. Thus, at Bertea (Prahova) the salt 
springs issue from the Aptian, which is brecciated by a salt dome? 
that did not reach the surface. In the valley of Saratila, at Breaza 
(Prahova), the breccia contains Paleogene-Miocene as well as 
Senonian rocks. Jn the core of the anticline of Bela-Bezdeadu (Dam- 
bovita), in which a salt core occurs, rocks belonging to the Aptian, 
Senonian, Eocene, Oligocene, and Miocene appear in the breccia and 
on the flank of the anticline. Some enormous blocks of Jurassic lime- 
stone have been found in some cases, as at the Vf. Ursului (Figs. 3 
and 4). 

Considered from the point of view of the resistance of the rocks 
from which the breccia was formed, the marls and shales are gener- 
ally finely ground, the conglomerates are completely disassembled by 
breakage, and the sandstones and limestones are generally broken to 
pieces, their fragments large or small usually being angular. The 
rounded pieces of quartz in the conglomerates, through rubbing with 
finer fragments, are sometimes perfectly polished. Some geologists 
confuse this polish with the gloss of desert varnish, 

Besides these constituents, whose origin may be very easily de- 
termined by comparison with the rocks of the surrounding forma- 
tions, fragments of unknown formations that are wholly foreign to 
the region and cannot be attributed to any of its known geological 
formations are found. 

In the tectonic breccia of all the salt masses that appear in the 
Carpathian Flysch and in the Miocene of the eastern sub-Carpa- 
thians, besides large or small fragments of eruptive rocks and 


: “The salt itself is not responsible for the brecciation. It is due to structural forces, 
which also squeezed the salt upward.”—Bloesch. 
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crystalline schists that may be compared with those in the distant 
areas of crystalline in the old Carpathians, there are also found 
numerous fragments, generally angular, usually small but in places 
enormous, of eruptive rocks and green crystalline schists, of the 
types that form the remnants of the old Variscian chains of the 
northern Dobrodja. These fragments can be derived only from the 
old Variscian foundation of the geosyncline of the Carpathian Flysch 
and of the eastern sub-Carpathians, a basement formed by the pro- 
longation of the northern Dobrodja chains which sank during the 
formation of this geosyncline (Poiana Sarata, Grozesti, Slanic Sat, 
Targu-Ocna, Tazlaul Sarat, Sarata-Bacau, etc.). 

In the same manner in the southern sub-Carpathians, besides 
the fragments that came from the surrounding formations (Cre- 
taceous, Paleogene, Miocene) and formations older but still of the 
Carpathian type, as fragments of crystalline schists and eruptive 
granitic rocks of the Carpathian type and Mesozoic (Jurassic) lime- 
stones closely connected with this crystalline in the southern Car- 
pathians, there also appear in the salt-dome breccia a few fragments 
of rocks wholly foreign to the Carpathian region. Their proportion 
in the breccia is proportionally greater, the nearer the salt mass is to 
the plain. For instance, in the salt-dome breccia of Valea Dulce, 
near Podenii noui (Prahova), besides the large and small angular 
fragments of mica schist and (eruptive) gneiss of Cozia, and Jur- 
assic fossiliferous limestone of pure Carpathian type, there also ap- 
pear exotic fragments of a black quartzose sandstone (Carbonifer- 
ous?), a red porphyry with great crystals of feldspar, and blocks of 
limestone with Werinea, one of which, now completely exploited, was 
over 700 cubic meters in size. These rocks are generally known only 
in the Dobrodja and the Pro-Balkans, not in the Carpathians, and 
they were surely derived from the Pro-Balkan foundations of the 
Rumanian plain and of the southern sub-Carpathians (Figs. 3 and 4). 

All these fragments of the breccia form a strongly compacted 
mass, well cemented by the salt,' sometimes also by gypsum. Gen- 
erally the salt of the cement becomes much more abundant in 
the vicinity of the salt mass, where the breccia is finer and is more 


* At Targu Ocna, in the rock-salt dome, breccia of Valea Larga were found, also 
some blocks of potassic salt (carnallite and sylvinite). 
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strongly compressed than toward its exterior. Gypsum very often 
re-cements the sandstones and the broken conglomerates; in places it 
even forms lenses of fibrous gypsum or kidney-shaped crystalline 
masses. 

Where the breccia appears at the surface it may be very easily 
recognized from distinctive characteristics: salt springs or strong 





Fic. 12.—Knotty clay-breccia in contact with the surface of the rock salt mass of 
Sovata, Transylvania. 


saline efflorescences; the greasy aspect and knotty texture of the 
soil (Fig. 12); the presence of fragments of several kinds of more 
resistant rocks heaped up on the surface; the finer materials of the 
breccia having been washed away by the rains; and, finally, the com- 
plete lack of vegetation, or, if any exists, the presence of plants which 
grow on salty soils. 

The rocks in the flanks and on the anticlinal arches that remain un- 
brecciated by the salt cores. —The visible formations constituting the 
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flanks and the crests of the anticlines which are intruded by the salt 
masses belong generally to the Pliocene, Miocene, and Paleogene, 
less frequently to the Upper and Lower Cretaceous. The formations 
vary according to the region in which the salt domes appear. 

When the anticlinal arch is completely brecciated, the trace of 
the outcrop of strata that remain unbrecciated is lens-shaped. The 
dips are different on either flank, being less steep on the upper flank 
and greater on the inverted one. In the neighborhood of the breccia, 
or, when this is missing, near the salt mass, the strata on both sides 
are turned upward, squeezed, and reduced in thickness through 
lamination. Near the surface where the salt overflows they are bent 
outward, forming fan-shaped anticlines. These overturnings are 
much more pronounced on the inverted flank, which is generally de- 
pressed and hence often overlapped (Figs. 3-7). 

Owing to the numerous wells in search of oil that have been 
drilled in the vicinity of the salt domes—the formations of the pe- 
troleum deposits in Rumania having close genetic connections with 
the salt domes—it has been established that the salt is diffused in 
the strata of the flanks of the anticlines for great distances around 
the salt mass when the fractured borders of these strata come in 
direct contact with the salt mass or its breccia. This is shown chiefly 
through the presence of salt water in the porous rocks of the flanks. 

Toward the extremities of the salt lens, where the salt core dis- 
appears, the strataeof the two flanks unite to form the arch of the 
anticline. Here the overlying strata are curved in the form of a 
broad arch and those of the core are folded together like a sharp 
wedge with the edge upward. The underlying strata are more or less 
thinned through squeezing and lamination (the “‘diapir” folds of 
Mrazec). According to the position of this wedge, whether vertical 
or oblique, these are classed by Mrazec as upright, oblique, or re- 
cumbent diapirs (with a piercing core). The last two in most cases 
are fractured and overturned. 

An essential characteristic of these diapir folds is that, from a 
geographical point of view, the strata of the anticlinal arch are gen- 
erally passive, the core alone being active in causing the intrusion. 
This may be seen in the study of the arches that were not completely 
pierced. The arch takes the form of an elongated dome, with the 
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core more or less brecciated. In this case the extremities of the dome 
present the same structure as in the case of complete piercing. But 
the dome, judged from the point of view of symmetry, may present 
two different cases. The first is when the salt mass rose vertically 
(and in this case the arch is symmetrical), but the strata of the flanks 
are laminated through squeezing, until they are completely torn 
from those of the arch. This is the case in the anticlines of Ceptura 
and Arbanas, in the southern sub-Carpathians. The second case is 
when the salt mass does not rise on a vertical line, but obliquely, and 
then the arch and the flanks are naturally asymmetrical, the inverted 
one being more inclined, distended, and sometimes drawn out to 
complete rupture. Examples are known at Filipestii de Padure and 
generally in the whole Transylvanian basin (Figs. 3-7). 


AGE OF THE SALT OF THE CARPATHIANS 


The first person who tried to establish the age of the rock salt of 
the Carpathian deposits was the Viennese scholar, the geologist 
Eduard Suess (1).? He correlated it with the Schlier (the base of the 
second Mediterranean—the base of the Helvetian) of the Miocenic 
outer Alpinic basin of Vienna. The great authority of Suess caused 
this age to be accepted without much discussion by all the geologists 
of the countries bordering the Carpathians—Rumanians, Austrians, 
Polanders, and Hungarians. 

Later on, after the discovery of some Tortonian fossils in the 
breccia of the salt dome at Wieliczka and at Bochnia (2, 3, 4), the 
Galician geologists, and, after them, Haug (5), considered the salt of 
the sub-Carpathians as representing a lagunal facies of the Tor- 
tonian. 

The Hungarian geologists, Posepny, but chiefly Koch (6) and H. 
Bockh (7, 8), who occupied themselves more intimately with the 
stratigraphy of the Transylvanian basin, considered the salt as 
intercalated in the marls that form the base of the bathyal facies of 
the Helvetian (the strata of Mezoseg), marls resting directly on the 
lower and thicker beds of eruptive tuff (Dacitic). 

Further studies on the Mediterranean of the sub-Carpathians 
gave rise to numerous discussions among the Rumanian geologists 


t The numbers here and elsewhere refer to the bibliography at the end. 
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about the age of the rock-salt masses. Mrazec and Teisseyre (9, 10, 
tI) originally assumed an Eocene-Oligocene age for the salt of the 
Carpathians, and a Mediterranean (Helvetian) age for the salt of the 
sub-Carpathians. Later on, Mrazec (15) and Voitesti (16) brought it 
down to the base of the first Mediterranean (Burdigalian), and, al- 
though this opinion was contended (Sava Athanasiu [13]), the major- 
ity of the Rumanian geologists (Murgoci [12], Macovei [14], Merutiu 
[17], etc.) accept the same age today. 

The author (18-24) of this paper, from 1911 to the present, has 
drawn the attention of geologists several times to the mistake that 
is being made in considering the salt as Miocene. Excluding the great 
number of salt masses appearing in the interior of the Carpathians, 
at enormous distances from their outer border, where the Cre- 
taceous-Paleogene Flysch of the Carpathians comes into contact 
with the Miocene, the salt masses that appear in the Miocene and 
the Pliocene of the sub-Carpathians pierce not only through the 
whole series of Mediterranean and Pliocene strata, but even extend 
through the Eocene and Oligocene formations which always appear 
as large or small Klippe (overthrust) areas, generally brought up 
from a depth by the rock-salt masses. Thus, the mass of Sarata, 
near Bacau, on the exterior border of the Miocene of the eastern 
sub-Carpathians (Figs. 5 and 6), appears beneath a large Klippe of 
Oligocene, which, together with the whole overlying series of Medi- 
terranean strata, is completely brecciated, in the zone where the salt 
mass is present (Voitesti [19]). With a marginal position in the sub- 
Carpathians the salt masses between Vizantea and Soveja (district 
of Putna) also appear beneath the great Klippe of Paleogene of the 
peak Rachitasul. In the southern sub-Carpathians the most numer- 
ous salt masses are in the zone of the Klippen of Eocene and Oligo- 
cene that are the western extension of the anticlines of the Flysch. 

Klippen of Paleogene rocks are not confined to this terminal anti- 
clinal zone. They also occur on the Mio-Pliocenic border, toward 
the plain of the sub-Carpathians, for instance, in the salt domes of 
Scaiosi, Opariti, Sarari, Matita, Apostolache, Udresti (25), Gura 
Draganesei, etc. Moreover, all the salt domes that appear along the 


* Klippen are outliers of an overthrust (Chief Mountain Montana, is an example) 
in contrast with a Nappe (Decke) which is the overthrust mass itself—Eprror. 
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fracture zone of the exterior border of the eastern Carpathians (along 
which zone the Cretaceous-Paleogene Flysch overlaps the Medi- 
terranean of the sub-Carpathians) have a tectonic breccia formed 
exclusively of fragments of Eocene-Oligocene rocks (Cacica, Luca- 
cesti, Moinesti, Targu-Ocna, etc.), or else largely of Eocene-Oligo- 
cene rocks with very few fragments of Mediterranean rocks in the 





Fic. 13.—The tectonic breccia of the ‘‘Fetele Targului” salt plug, near Targu- 
Ocna, Moldova, formed of Eocene and Oligocene rocks with inclusions of Cretaceous 
limestone and of crystalline schists. Note the funnel-shaped aspect of its surface. 


upper part of the breccia (Calu, Stanesti, Valea cu Arini, Poduri, 
Grozesti, etc. [Plate 1; Figs. 5, 6, and 13]). Furthermore, along this 
marginal fault there are numerous cases in which we find the salt 
masses hidden partly under the border of the Paleogene Flysch; 
partly under the rocks of the neighboring Mediterranean, as, for 
instance, in the border region of the Flysch, between Targu-Ocna 
and Solont (district of Bacau [see Figs. 5 and 6]), and in the’ region 
of the southern curve of the Carpathians (in the district of Ramni- 
cul Sarat), in which regions the folds of the Flysch are cut off 


obliquely by this marginal fault. 
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If to these examples the salt domes of Bertea-Vulpea, Breaza, 
and Bezdeadu-Bela, in the anticlinal flanks and tectonic breccia of 
which the Cretaceous (Senonian and Aptian) formations as well as 
the Paleogene occur, are added, and if the fact is remembered that 
wherever the salt masses appear they present the same tectonic and 
physico-chemical conditions, the conclusion is logical that the rock- 
salt masses of the Rumanian Carpathians and sub-Carpathians can- 
not, in any case, be considered Miocenic—a conclusion also reached 
by some foreign geologists who studied conditions in the field (E. 
H. Cunningham Craig [26]). 

The salt domes of Transylvania, which have been studied by the 
author (Ocna Sibiului, Uioara, Turda, Cojocna, Dej, Sovata, Praid, 
and Corond), show absolutely identical tectonic and physico- 
chemical conditions. There surrounding breccia, sometimes enor- 
mously developed (Turda, Sovata, Praid, Corond), is formed only 
of fragments of rocks of the Mediterranean, in which the salt mass 
is arrested, and fragments of crystalline schists and old eruptive 
rocks (Turda, Sovata) sometimes very strongly represented (Praid, 
Conond). All these fragments may come from the conglomerates at 
the base of the Mediterranean. Up to the present, fragments have 
not been found in these breccias that can be assigned with absolute 
certainty to formations older than the Mediterranean. One fact, 
however, remains well established: that in the Transylvanian basin 
also the salt masses pierce the whole series of strata of the Miocene, 
from the conglomerates at the base to the upper sandstones and 
marls, and so they, too, cannot be considered as belonging to the 
Miocene. At Praid, Sovata, and Corond, there are also found in the 
breccia numerous andesitic fragments (ashes and fragments of rocks) 
as well as fragments of the aragonitic chemical concretionary de- 
posits of the hot mineral springs that appeared here in connection 
with the recent volcanic phenomena of Harghita (Fig. 14). 

The Tortonian fossils found at Wieliczka and Bochnia in the tec- 
tonic breccia of the salt cannot have any stratigraphical importance 
because the breccia being a tectonic and not a sedimentary forma- 
tion, in its mass there may be found fossils belonging to all the geo- 
logical formations that were passed through and brecciated by the 
salt mass. For instance, in the breccia of the salt domes in the sub- 
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Carpathians fossils were found which belong to all the geological 
formations from the Jurassic up to the Upper Pliocene. In the dome 
of Ocnele Mari (Valcea) there were found in the squeezed synclinal 
zones of the salt, where the clay breccia had penetrated from the out- 
side, some remains of Oligocene-Miocene plants (carbonized trunks 
and nuts). In the salt of some of these domes were also found 





Fic. 14.—Strata of Aragonite torn from their original position and carried upward 
in the upper part of the breccia of the Corond salt dome, Transylvania. 


pockets of petroleum that came in the same tectonic way from sur- 
rounding petroliferous rocks. 

Moreover, it is the author’s opinion that, not only in the Carpa- 
thian region of Rumania, but in any other part of the globe where 
the salt appears in the form of domes, it is a great mistake if the 
actual tectonic position of those masses is considered as a strati- 
graphic one. For, the tectonic breccia surrounding them, the de- 
velopment of which is sometimes enormous, shows obviously that 
the actual position of the domes is entirely a tectonic and not a 


stratigraphic one. 
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This mistake has caused the age of these salt domes to be esti- 
mated by most geologists from the age of the oldest strata that 
remain unbrecciated on the flanks of the anticline in which the 
salt appears. Thus, in the Carpathian regions the salt domes that 
appear along the same tectonic lines are considered in Poland 
as Upper Mediterranean, and in Rumania as Lower Mediter- 
ranean, or as Upper Oligocene and Eocene, or even Lower Creta- 
ceous, whereas in Hungary they are considered as Middle Medi- 
terranean. 

In the other countries ‘besides the Carpathians the same mistake 
is made. The Austrians consider the salt of the eastern Alps as 
Triassic, because the salt masses (Hallstadt) stopped in the Triassic. 
The Germans, on the same basis, considered theirs as Triassic or 
Permian, according as they are arrested in the Triassic or the Per- 
mian. In Northern Africa the salt masses were considered until lately 
as Cretaceous, and now, after the discovery of the Triassic in the 
flanks of the dome, they are considered as Triassic. 

In summarizing, the following conclusions, based on scientific 
observations, are considered as definitely established for the salt 
domes of the Carpathians. 

1. From a regional point of view the Carpathian salt domes are 
connected almost entirely with the zones of more recent tectonic 
sinking of Cretaceous and Tertiary time and the sedimentary forma- 
tions of these depressions. Salt is known only in the form of springs 
in the zones of intense regional metamorphism (Sinca Noua, Var- 
ciorova). 

2. The salt masses of the Carpathians came from a considerable 
depth, emerged only in the anticlinal zones and along the great fault 
lines, piercing and brecciating all the Mesozoic-Tertiary formations 
of the geosynclines of the Carpathians, sub-Carpathians, and the 
Transylvanian basin. 

3. Judging from their identical tectonic mode of appearance and 
from their structure and the composition of their salt, identical in all 
the salt masses of the Carpathian region, they must all be considered 
as having a common origin, in whatever formation they may appear 
today. 

4. Judging from the enormous development of the tectonic brec- 
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cia surrounding them, the actual position of the salt masses presents 
itself as a tectonic and not at all a stratigraphic problem, and this 
tectonic position does not furnish any scientific conclusion about the 
age of the salt. The surrounding geological formations, as well as the 
fossil remains of the salt breccia, and even of the salt mass, cannot 
have any stratigraphic value in this case in the determination of its 
age. , 

5. Considering that in the Carpathians and in the sub-Carpa- 
thians the geological formations that are determined with certainty 
as penetrated by the salt masses are those between the Middle Cre- 
taceous (Aptian) and the uppermost Pliocene (Levantin), it follows 
that the salt comes from greater depths than the Aptian of the Car- 
pathian geosyncline. The tectonic breccia of some salt domes (Po- 
denii Noui and Bezdeadu-Bela) contains ‘great, even enormous, 
Klippen, of Jurassic limestone, whose presence in those places can- 
not be explained otherwise than by the same tectonics which were 
responsible for the salt breccia in which they are found. Those 
masses must be considered as coming from a depth greater than 
the Jurassic of the basement of the Carpathians and sub-Carpa- 
thians. 

From these considerations, and in the absence of safe strati- 
graphic data on the age of the salt domes of the Carpathians, it 
seems more practical to mark, on the geological maps, the salt 
masses, as well as their tectonic breccia, with special colors and 
symbols. Although the available data merely prove the salt to be 
older than the Cretaceous-Paleogene Flysch, the intrusion of the 
salt cores can be more definitely dated. These intrusions took place 
at the end of the Pliocene and at the beginning of the Quarternary 
because the youngest strata that are pierced by all the salt masses of 
the marginal zone of the southern sub-Carpathians (Baicoi-Tintea, 
Moreni, Matita, Podenii Noui, etc.) belong to the uppermost Plio- 
cene (Levantin). It is also known that these strong movements gave 
the last organic modeling to the entire Carpathian region. It cannot 
be affirmed, however, that the salt masses have made their ascent 
only during those post-Pliocene movements, and it is possible that 
their ascent may have been subject to great interruptions, and may 
have been renewed at successive periods of folding. 
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HYPOTHESES REGARDING THE AGE AND GENESIS 
OF THE SALT 


What, then, is the age of the salt of the Carpathian salt domes? 
This problem is of great economic importance for Rumania, because 
of the close tectonic relations of these salt masses with the forma- 
tion of petroleum deposits. 

In order to discuss this difficult problem, one must leave, at least 
in part, the sphere of positive scientific data and enter that of hy- 
pothesis. On this question the opinion of the author is that the salt 
masses, not only in the Carpathians, but those of the whole surface 
of the earth, belong to none of the known marine or continental 
geological formations (20 and 24). The following arguments lead to 
this opinion. 

A study of the mode of appearance of the salt domes on the whole 
surface of the earth (27, 28, 29, 30, 31, and others) establishes the 
following generalized characteristics (it should be remembered that 
only salt domes are considered, not intercalations of impure salt of 
unimportant extent and thicknesses that are interstratified in 
lagunal or epi-continental salt-lake formations:* 

1. On the whole surface of the earth the salt of salt domes ap- 
pears in the form of enormous, lenticular masses, with very com- 
plicated tectonic structure reflecting the enormous dynamic move- 
ments that they have undergone. The salt is crystalline and shows 
an extraordinary chemical purity. 

2. Breccia, in some cases of enormous thickness, surrounds al- 
most all the salt masses, and, being a tectonic formation, shows that 
the salt mass has penetrated the strata to its present position. This 
gives a certain basis for considering the salt as coming from greater 
depths, and doubting all determinations of the age of the salt, based 
only on the knowledge of the age of the rocks in which the salt 
mass is found. The case of the Carpathian salt masses and those of 
Northern Africa is instructive enough on that account. 

3. The enormous number of the salt masses, presenting abso- 
lutely identical structural and chemical characteristics, appearing in 
various parts of the world in strata of all geological formations, from 


x “Some interstratified salt beds are of rather important extension and thickness.” 
—Bloesch. 
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the Paleozoic to the Quaternary, irrespective of the geological facies 
of these formations, forces the admission of an absolute independence 
of the salt masses from all those formations, and consequently their 
genesis cannot be connected with any of the geological formations in 
which they appear. 

4. Finally, the enormous quantity of pure crystalline salt that is 
found in thicknesses of hundreds and even thousands of cubic meters 
in every salt mass; the great number of these masses in the world and 
in some regions (Carpathians, Germany, Isthmus of Tehuantepec, 
etc.) grouped in lines so near one another that they almost touch, 
this widespread occurrence in all the geological formations, inde- 
pendent of the age and the facies, constitute characteristics that, 
through their generality alone, exclude the admission of any hypoth- 
esis that might connect the salt genetically with local geological 
phenomena as lagoon (32) or desert lakes (33). Besides, the insuffi- 
ciency of these hypotheses is acknowledged by all who have studied 
the genesis of salt (5, 34, 35, 36). 

All these considerations lead to the admission that the genesis of 
the salt cannot be connected with anything else than a world-wide 
phenomenon, the universal character of which might explain those 
universal characteristics of salt domes, And thus the author was led 
to connect the genesis of the salt with the hypothesis of saline pre- 
cipitation on the surface of the first solid crust of the globe, in an 
atmosphere of a very high temperature (700°-800°) and very rich in 
vapors of chlorides at this temperature. 

Later on, upon condensation the water separated these chlorides, 
on account of their solubility, and deposited them from these hot 
solutions in the existing depressions on the surface of the first crust. 
The temperature of the crust, being still very high, caused frequently 
re-evaporation of the water. Through re-solution and recrystalliza- 
tion, many times repeated on the surface of this first crust, there were 
formed numerous sedimentary deposits of salt, chemically pure, and 
of enormous extent and thickness. 

This hypothesis may, perhaps, explain all the peculiar physico- 
chemical and mineralogical characteristics of the salt, as well as the 
widespread appearance of the salt domes on the whole surface of the 
earth, in a manner identical genetically and in most of the known 
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geological formations. The first ocean that originated through the 
precipitation of the greatest part of the water of the primitive atmos- 
phere, having dissolved (until saturation) a small part of these saline 
deposits, covered them with the first marine sediments that were 
deposited over the salt and protected them from any further 
destruction. Tectonic movements have caused the salt masses to 
pierce the entire series of overlying sedimentary formations. 

It is the sincere wish of the author that the exact geologic data 
set forth in this article, with regard to the mode of appearance of the 
rock-salt masses in the Carpathian region, which cannot longer be 
considered as Miocene, as well as the hypothesis of the genesis of the 
rock-salt masses generally, may contribute something to the solu- 
tion of the important problem of the salt domes. 
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DISCUSSION 


W. A. J. M. VAN WaTERSCHOOT VAN DER GRACHT: The description of the 
Rumanian salt domes and the hypothesis of the origin of the domes which 
Professor Voitesti has presented are interesting but I cannot at all adhere to his 
theory. I believe that his explanation is not possible, and also that, if it were 
possible, it is not necessary to resort to such a hypothesis. 


PROFESSOR VOITESTI’S THEORY IS NOT POSSIBLE 


Professor Voitesti’s original salt deposits of the primary crust should occur 
in the highly metamorphic and intensely folded rocks, which we encounter 
everywhere over the globe, below the great major, and practically omnipresent, 
unconformity, which occurs at the base of the oldest known Azoic and Paleozoic 
sediments. 

Invariably the rocks below this major unconformity, which apparently 
marks a very decided datum in the evolution of the earth, are very highly meta- 
morphosed; they are principally, if not exclusively, crystalline schists, gneisses, 
and marbles, with enormous intrusions of old igneous rocks. 

This series, of unknown but certainly tremendous thickness, probably does 
not yet constitute the primary crust, but is nothing else than highly meta- 
morphosed very old sediments and intrusives. This whole series has been 
universally and intensely folded. 

If, as is very possible, salt was ever laid down in these original sediments, it 
must either have become largely absorbed during the process of intense meta- 
morphism, or, being plastic, must have been squeezed out entirely, before the 
great pre-Cambrian abrasion and subsequent unconformity. If salt ever was 
squeezed out as saline plugs by tectonic forces, the event must have been a result 
of the immense stresses manifested in these archaic rocks. 

In consequence, it seems a practical impossibility to me that any rock salt, 
as such, was left in this archaic series by the time the oldest less metamorphosed 
sediments were being laid down over this primary unconformity. I am not 
aware, that, even in the oldest pre-Cambrian and Cambrian beds overlying the 
unconformity, any salt deposits are known; the oldest saline formations belong 
to the Silurian,t and these are, at least in part, truly sedimentary, and anyway 
clearly the results of evaporation to dryness of bodies of salt water. ‘The older a 
salt deposit, the more chance that it has become tectonically displaced, or dis- 
solved by the action of subsurface waters. 

Wherever we find salt domes over the world, we know that there is present 
below them some formation, showing a saline or at least a continental facies. 
This is the case in Southeastern Europe, notably in the Carpathians. At the 
end of the Flysch period there occurred in the entire system of geosynclines of 
southern Eurasia, and among the mountain chains, which are rising up within 

«Large Cambrian deposits of salt are reported in the salt range of the Punjab, 
India, but it is possible that these are younger deposits overridden by a thrust fault.— 
EDITOR. 
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them, a breaking up of the original Thetis Ocean into separate basins, and many 
of these show clear indications that they were subject to intense evaporation. 
Dr. Voitesti advances reasons why the salt of the Carpathians did not originate 
in the Miocene. This is a point for separate discussion in a later paragraph. 
Here I merely want to emphasize that in Southeastern Europe and the adjacent 
regions of Asia a saline facies is fairly prevalent, immediately succeeding the 
Flysch period (Cretaceous-Paleogene). 

We do not know the exact origin of the salt in the plugs of the domes sur- 
rounding the northwestern shores of the Gulf of Mexico, but here also there 
exist various possibilities for the presence of formations in a saline facies. Such 
possibilities exist in the Lower Cretaceous (with red beds and anhydrite) and 
in the Jurassic (I draw attention here to the occurrence of Jurassic red beds in 
Mexico in the Huizachal Valley, about 25 km. southwest of Victoria). There is 
a possibility that saliferous Permian might even be developed in this region, 
although it is not very probable. It is not absolutely impossible that a Permian 
basin of this kind should occur over the abraded interior ranges of the Paleozoic 
mountain system, which evidently underlies these regions, because we have a 
similar occurrence of this nature in the Gulf of the St. Lawrence (Permian red 
beds of Prince Edward Island and the Magdalen Islands). 

The salt domes in Anatolia, Egypt, and Persia also occur in a region where a 
saline facies is widely prevalent in the Upper Tertiary, immediately succeeding 
the Nummulitic. The saline manifestations of the southern Atlas are connected 
with Triassic red beds, consequently probably with a saline facies. 

The salt domes of Northwestern Germany are known to arise out of an 
enormous blanket deposit of sedimentary rock salt, occurring in several layers, 
each being hundreds of feet thick, in the Permian and Lower Triassic series, de- 
posited in a great inland basin of red beds, which extends from Poland to the 
midlands of England. 

A similar basin, although salt domes are not known in it (possibly due to the 
absence of sufficiently strong, lateral tectonic stresses), is known to exist in the 
western mid-continent of the United States, under the states of Nebraska, 
Kansas, Oklahoma, and western Texas. Here also.several hundreds of feet of 
clearly sedimentary rock salt is intercalated as a blanket deposit in Permian 
sediments, evidently the result of the evaporation of a great inland sea. 

A similar considerable blanket deposit of rock salt, clearly also a result of 
evaporation, is known in Alsatia and adjacent regions of Germany. This deposit 
is of Oligocene age. 

It is quite clear, therefore, that in several regions of the globe great blanket 
deposits of undoubtedly sedimentary rock salt are known, as the result of the 
evaporation of great bodies of salt water, containing large quantities of sodium 
chloride, and occasionally, but much more rarely, of salts of other elements; 
the total bulk of these sedimentary salt deposits is certainly in excess of that 
present in the saline plugs wherever known. Fairly pure sodium chloride is the 
result of the main cycle of evaporation; other salts, notably of potassium and 
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magnesium, are only laid down after the bulk of the sodium chloride has been 
deposited, and are only found in the depressions, where these final residue solu- 
tions have concentrated. 

Some of these blanket deposits, notably the Permian salt layers of North- 
western Germany, give birth to saline plugs, because they have been subjected 
to sufficient lateral tectonic pressure, in addition to the pressure caused by the 
weight of the overlying formations. This latter weight, apparently, is insuffi- 
cient, because in other basins, notably that of the mid-continent where a similar 
weight is present, but sufficiently strong lateral tectonic pressure is not indi- 
cated, salt domes apparently have not originated. In consequence, we must as- 
sume that in regions where these tectonic stresses have been still much more 
violent than in the moderately disturbed salt basins of Northwestern Germany, 
little will have remained of the original sedimentary salt deposit, whether this 
was a great continuous blanket, like that of Northwestern Germany or of the 
western mid-continent of the United States, or possibly only isolated salt lenses, 
the result of the evaporation of minor remnants of an inland sea-arm, or of 
continental salt lakes. 

It is conceivable that in a region subject to such enormous tectonic forces 
as those which affected the great geosynclines of the Thetis, all along southern 
Eurasia, nothing at all has remained of original sedimentary salt bodies, which 
may have been displaced in their entirety, and that whatever salt we find now, is 
present exclusively as intrusive masses, or, in other words, saline plugs. This 
may explain why in such intensely compressed regions no sedimentary salt 
deposits are now found, but it does not mean that they never existed. 

If it were true that the intrusive salt masses of the world originated out of 
the Archaic, we could not explain why salt plugs, although numerous and widely 
distributed, are nevertheless confined to certain regions of the globe and to cer- 
tain mountain chains, like the Atlas, the eastern Alps, the Carpathians, and the 
mountains of Anatolia and Iran; and it would be difficult to explain why, for 
instance, they are absent in the entire great Cordilleran chain of the Northern 
and Southern American continents and other mountain systems of the same 
(generally Tertiary-Cretaceous) age of diastrophism; why also they should be 
absent over most of the mountain masses of the Permo-Carboniferous and older 
Paleozoic phases of folding, which occurred at periods when these original 
archaic salt deposits were less deeply buried and more easily extruded. There 
are many large mountain systems of these older periods, like the Sudetians 
underlying part of the Carpathians, in localities which have not been refolded 
by newer Tertiary diastrophism. 

If the salt domes of the North German plain were not of Permian but of 
Archaic origin, why should they occur only where we know the region to be 
underlaid by a saliferous Permian, and not, for instance, to the south of the 
saline facies of the Permian, or within the Permo-Carboniferous Varisco- 
Armorican chains of Southern and Southwestern Germany, France, Belgium, 
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ARE THE SALT PLUGS OF THE CARPATHIAN REGION OLDER THAN MIOCENE? 


So much as to the improbability, if not the impossibility of accepting the 
Archaic origin of the salt. We will now see whether the observations on the salt 
domes of the Carpathians make inevitable the assumption that these saline plugs 
are older than the saline facies of the Tertiary, immediately succeeding the 
Flysch period. 

As Professor Voitesti states correctly, until lately it has been generally 
accepted by Carpathian geologists that the salt masses in the Carpathian region 
as well as those of the eastern Alps, originated from a saline formation in the 
Miocene, immediately succeeding the Flysch period of this area. Professor Voi- 
testi contests this on the grounds that the breccia, regularly accompanying the 
salt plugs, contains numerous rocks belonging to formations older than the 
Miocene. These older rocks are especially abundant in the breccia of salt plugs 
occurring in, or very near, the Flysch belt of the Carpathians, but they are also 
found in other, farther outlying salt domes. Assuming correctly that this breccia 
results from rocks which the salt plug has pierced on its way to the surface, 
Professor Voitesti draws the conclusion that the salt mass, having apparently 
pierced formations older than Miocene, must be older itself, and must have 
originated anterior to any of the formations represented in the breccia. 

He also points to the fact that, in the Miocene itself, neither blanket nor 
lenticular masses of salt, which can be considered as sedimentary and in place, 
are found, but that all the salt in the Miocene has evidently been displaced, and 
only occupies its present position after considerable relative movement. 

As stated previously in this memorandum, there occurs all over Southeastern 
Europe and adjacent regions in Asia a facies of the regression of the sea im- 
mediately succeeding the Cretaceous and older Tertiary Flysch period of the 
Tertiary mountain systems. Earth movements took place here from early Cre- 
taceous time forward. In the marginal chains, of more recent date than the 
interior ranges, these movements increased progressively to reach their culmina- 
tion only in the Pliocene and the early Quaternary. 

At the end of the Flysch period, the geosynclinal sea not only regressed, 
but was divided into several basins by the progressive earth movements; some 
basins were entirely cut off from the main sea, while others had only very re- 
stricted connections. Apparently, climatic conditions contributed toward active 
evaporation, with the result that all over this region of Eurasia we find evidences 
of a saline facies during this period. This does not mean that these saline de- 
posits were absolutely contemporaneous in the different localities of this wide 
region; apparently they are not. Indications of salt occur in different localities 
from the Oligocene, and possibly the late Eocene, upward well into the Pliocene. 
It was a general period of salt lagoons and inland salt basins, and apparently in 
the Carpathian region this facies occurred in the Helvetian Miocene. 

The fact that in the Miocene of the Carpathians we do not now find sedi- 
mentary masses of salt in place can very easily be explained. As I said before, 
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the main diastrophism of the present Carpathians occurred after the deposition 
of the Miocene. In fact, the great overthrust sheets of the Carpathian front all 
override the Miocene throughout a wide area. This overthrust of gigantic sheets 
of Lower Tertiary, Cretaceous, and older formations over the Miocene, and sub- 
sequent folding all through the late Pliocene and early Quaternary, have sub- 
jected this Miocene substratum to enormous stresses. Although locally the 
Miocene does not seem to be overmuch disturbed along the Carpathian front, 
it is certain that the pressure to which it must have been subjected was enor- 
mous. These overthrust sheets formerly extended much farther than they do 
now, as their front has regressed considerably on account of erosion. The orig- 
inal front of these thrust sheetS also has been pressed and involuted into the 
Miocene substratum. That this condition is of considerable extent is proved by 
the Flysch- Klippen, which are prominent in many localities, and to which 
Professor Voitesti himself refers repeatedly. 

Salt is a comparatively plastic mineral, and we know with certitude that 
whenever a sequence which contains salt beds is subjected to very strong 
tectonic forces, the salt is displaced and squeezed out as a plastic paste. That 
such interior movements in shale or clay sequences subject to great tectonic 
forces may be enormous is demonstrated ever more clearly as we obtain more 
detailed information regarding the structure and mechanism of great mountain 
chains. We know, for instance, how the massive limestone reefs, in the shaly 
Trias of the East Indian arcs, have been acting as stony kernels in a plastic mass, 
and how these enormous “batoes” have been practically shot through these 
shales over unbelievable distances by folding. Consequently, we cannot wonder 
that sedimentary salt lenses, which may have been contained in the Miocene 
along the front of the Carpathian thrust sheets, or underneath them, have been 
entirely squeezed out, and are in no place present any more in their original 
location, but everywhere are found tectonically displaced. 

As said before, the Miocene underlies the older thrust sheets of the Car- 
pathians over unknown distances, and has been involuted with older Klippen 
to an unknown extent. Moreover, when this Miocene was deposited, the interior 
chains of the Carpathians already stood out as large mountain masses, subject 
to active erosion to the extent, probably, that the interior had already become 
entirely peneplained. In consequence, material derived from these interior 
chains and their pre-Carpathian basement must be expected in the Miocene, 
and is known, in fact, in Miocene conglomerates. 

Under these complex conditions, it is only natural that the breccia surround- 
ing the salt plugs should contain fragments of a variety of formations, regard- 
less of the relative ages in an undisturbed sequence, the only requirement being 
that the intrusive salt and the various formations have come into contact. 
Many of these salt plugs appear in erosional windows in the thrust sheets, show- 
ing Miocene, without it being possible to state definitely whether this latter is 
the undisturbed autochtonous substratum, or whether these masses of Miocene 
are either involuted in, or sheared along, under the thrust sheets. A great many 
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plugs finally pierce the Flysch thrust sheets themselves, apparently rising up 
from the autochtone underneath them, which, most probably, is Miocene. 

I am not familiar with the more recent work in the Carpathians, and I will 
not go into a detailed discussion of the various individual salt domes. I gather, 
however, from Dr. Voitesti’s paper, and from other publications, that the pre- 
Miocene rocks are most conspicuous in the breccia of the salt plugs which occur 
within the outer front of the Carpathians, or immediately in advance of the 
front, and that, with the exception of pre-Flysch formations belonging to the 
Jurassic or the older basement, they are less conspicuous in the outlying domes. 

' Here I must state again that, in general, we do not know how far the original 
overthrusted Carpathian front stood in advance of the present front of the 
Flysch sheets, and neither do we know the conditions at depth in the foreland— 
notably in the depression between the sub-Carpathians and the Dobrudja. 

In conclusion, I still hold to the theory that the salt of the Carpathian plugs 
is Miocene, for the following reasons: (1) it is the only formation in the entire 
sequence which we know to contain a saline facies; (2) the saline facies may not 
contain actual beds of salt i situ, but the enormous tectonic forces, to which 
this sequence has been submitted, easily explains that all the plastic salt must 
have been tectonically displaced; (3) the presence of pre-Miocene rocks in the 
breccia, surrounding the salt plugs, can be explained as derived from overlying 
thrust sheets, which the salt has pierced, or Klippen, which it has encountered, 
or from conglomerates, derived from the older Carpathian chains, occurring 
within the Miocene; (4) I cannot conceive the origin of the salt to have been in 
the pre-Miocene sequence of the Carpathian geosyncline, nor in the pre-Car- 
pathian Paleozoic of the underlying Permo-Carboniferous Sudetic-Dobrudjan 
chains, which give no evidence anywhere of a saline facies in their sequence, or of 
the occurrence of salt plugs anywhere outside of the Carpathian structure; (5) 
a still older origin of the salt plugs from the archaic crust seems entirely at 
variance with what we might expect. 
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ABSTRACT 


The distribution of the Rumanian oil fields is governed by lines of folding related to 
the major Carpathian overthrust faulting. Along these lines of folding, the production 
tends to focus around salt masses that form local “highs.” The source of the salt is 
unknown. Its rise is due to lateral pressure. The source of the oil is disputed, but the 
writer believes that it is Pliocene. 

A comparison of these fields with those of the American Gulf Coast region shows 
that, although there are some resemblances which may indicate the action of like 
causes to a limited extent, the dissimilarities are greater. The lateral pressure, which is 
proved for Rumania, cannot be accepted as the entire, or even as the major, cause of 
the American domes. 


INTRODUCTION 


Geologists working on the problems of the Gulf Coast salt domes 
have drawn their European analogies mainly from the North Ger- 
man salt region. The occurrence of the salt in Germany has been 
adequately described in available publications. It differs from that 
in the American salt domes in the presence of associated ‘‘mother- 
salts” and the lack of any considerable oil production. The greater 
similarity of Rumanian conditions has been recognized but, on 
account of the lack of detailed information, the references have been 
vague or scanty. The following summary of the Rumanian oil region, 
as it is understood today, is written to show in what respects a com- 
parison might be helpful. 

The kindness of the Rumanian geologists, particularly Professor 
Murgoci, enabled the writer to go over most of the reports on these 
fields during three months spent in that country. It is mainly as a 
compilation of this material that the present article is written. 

The region discussed comprises the old Rumanian provinces of 
Wallachia and Moldavia. Although there are prospects in Transyl- 
vania, those two provinces compose the entire oil-producing area of 
the country. 
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AREAL GEOLOGY 


The region is divided into three zones. On the north and west, 
the Carpathian mountain system is composed of crystalline meta- 
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morphic rocks with igneous intrusions, and of twisted and dis- 
torted remnants of Jurassic and Cretaceous sediments. On the south 
and east lies the Rumanian Plain, formed by the horizontal beds of 
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the Quaternary. Between these two zones, the broad band of foot- 
hills marks the area of folded Tertiary strata. 


STRUCTURAL GEOLOGY 


Great overthrust faults are the dominant structural features. 
They are explained by the position of the region on the eastern edge 
of the great Alpine movements. When, from overloading or other 
cause, the portion of the earth’s crust composing the Greater Alps 
attempted to expand laterally, it encountered resistant earth 
masses. As a result, the outer edges of the expanding crust were 
out and over the stationary masses in great sheet overthrusts or 
“nappes.”’ One of these movements occurred in mid-Cretaceous 
time, forming what are known as the “crystalline nappes.”” Another 
in mid-Miocene formed those distinguished as ‘“‘Flysch nappes.” 
This overthrusting was also of importance in its tendency to pre- 
determine the type and direction of later movement. 

The post-Pliocene Carpathian movement had the greatest direct 
effect on conditions in the oil region. With the appearance of the 
Carpathian Mountains during this interval, a series of paralleling 
folds was formed throughout the Tertiary belt. These folds extend 
for great distances but are so frequently broken by the steep plung- 
ing of the axes that they might be considered as chains of separate 
anticlines. At the same time that these were formed, salt masses 
appeared at the surface, most of them coinciding with the struc- 
tural highs of the folds. 

STRATIGRAPHY 


The stratigraphy of the Cenozoic formation is given in some 
detail because of their relation to the occurrence of the oil: 


QUATERNARY 
Recent—Gravels, loose clays, and sands. 
Pleistocene—Gravels and loess. 
TERTIARY 


Pliocene 


Levantine—Yellow gray, clay, sands, and gravels. 
Dacian—Gray to brown and black shaly marls, lignite beds, and several 


loose sands. 
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Pontian—Light greenish-blue marls, very little sand. 

Maoetian—Slate-colored marls darkened with organic remains, with very 
softs andstones. (This description applies only to certain areas in the 
vicnity of the oil fields.) 

Miocene 

Sarmatian—Basal conglomerates and sandstones, and dark blue marls 
with thin gypsum beds. 

Tortonian—lacking in most places, some thin limestone fragments. 

Helvetian—Blue-gray marls and soft sandstones, gypsum, and dacitic tufa. 

Burdigalian—Conglomerates and transgressive sandstones. 

Oligocene 

Upper—Massive porous sandstone. 

Middle—Black disodylict and menelitic? shales, very carbonaceous, but 
showing considerable diagenetic menelite, hornstone, and amber. (The 
same shales are regarded as source beds of the Galician oils in the 
north.) 

Lower—Gray marls and soft sandstones. 

Eocene 
Sandstones, one massive and porous, gray marls, locally black or violet red. 


The beds below mid-Cretaceous are of marine origin. Between 
these and the mid-Miocene, the formations are deposits from alter- 
nating mediterranean seas. Above these, the upper Tertiary beds 
were deposited by a succession of great “lakes” of variable salinity. 


SALT 


Distribution of salt—The salt masses are scattered from the edge 
of the Quaternary across the mountains into Transylvania. Although 
they cannot be limited to any given geological area, the maximum 
occurrence of the salt masses coincides with the edge of the nappes 
(16),3 and they tend to fall into general lines curving parallel to the 
Carpathians. The presence of unknown masses under the great 
thickness of recent beds in the Rumanian Plain is not unlikely. 

The stratigraphic location of these masses is uncertain. Their 
position, piercing the youngest Tertiary beds, dates their appear- 
ance as post-Pliocene, but their base is unknown. No given forma- 
tion has been proved definitely to be below them. 

t A local term for black flint, hornstone, etc. 

? Menelite is an opaque variety of very dark opal in these shales. 

3 Numbers in parentheses refer to bibliography at end of article. 
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The majority of these masses lie on lines of uplift, but there are 
exceptions. A few occur in synclinal areas or cutting at right angles 
across anticlines. 

The masses are most numerous along the edges of the over- 
thrusts, but the great interest lies with those appearing as “salt 
domes” in the outer, oil-bearing belt. These “domes” are found on 
the lines of post-Pliocene folding which extend in a series across the 
Tertiary belt to disappear under the Quaternary. The Tzintea, 
Baicoi, Floreshti, Moreni, Gura-Ocnitzei structure is a typical ex- 
ample of such a fold. It is known only by these long domes lying in 
a curved line, with their probable connections buried under flat 
alluvium. Salt masses have been found in four of these anticlines 
and oil in four; the most important of the oil fields, Moreni and 
Baicoi, have salt “‘cores.”’ 

Form of the salt.—On the surface, salt springs and ponds are the 
most characteristic markings of these masses. Mounds of the Gulf 
Coast type are unknown. Occasionally the surface above a dome is 
pitted by numerous shallow basins (‘“‘dolines’’). 

The masses are roughly ellipsoidal, with their greater horizontal 
axis parallel to the direction of the fold, even curving with it. The 
sides are flexed but more or less vertical, one side usually showing 
the typical overthrust lip at the top. Thus the wells on the over- 
thrust side pass from the recent beds into the salt and go through 
that before reaching the Tertiary formations and production. The 
thickness of the salt here increases as the main body is approached. 
All tests in the main part of the core have been abandoned, still in 
the salt; depths of more than 1,800 feet were recorded. On the oppo- 
site side, wells that start in the salt never pass out of it, and those 
nearby seldom strike it. Occasionally one reaches a bulge down on 
the side and even passes through it. This is likely to show a con- 
siderable thickness of salt (700-800 feet), and yet the adjoining wells 
find nothing, showing that the projection was flexure curving only 
slightly from the vertical. 

Mrazec named these structures with salt “cores” ‘“diapyr folds,” 
a term based on the supposed mode of formation rather than the 
resulting form. With many inclusions, this term has become ambigu- 


ous. 
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Composition.—Chemically, the salt is almost pure sodium chlo- 
ride (98-99.9 per cent), but many impurities in the form of clays, 
sands, and carbonaceous material have been folded in mechanically. 
Although scattered more or less throughout the mass, this débris 
occurs in greatest quantities near the top. It shows the same wavy 
lines of rock-flow type described in other countries. 

Gypsum and anhydrite fragments may be found with the débris, 
but their only known occurrence as beds is where they are in place 
in the Helvetian formation that adjoins the mass. There is no 
definite layer of such material associated with the salt body, which 
might be compared to “‘cap-rock.”’ 

The reported occurrence of carnallite in the vicinity of Targu 
Ocna (x1) constitutes the sole indication of mother-salts. Sulphur 
springs are common, some near the masses, but there is no appar- 
ent correlation. 

Theories concerning salt.—The distribution of the salt masses, 
mainly on lines of uplift but with some in other positions, can be ex- 
plained if it is supposed that the salt bodies, prior to the movement 
that brought them to the surface, were scattered irregularly through- 
out the region. During the formation of the folds, the pressure was 
temporarily great enough to cause the salt to flow. Most of the salt 
masses in this semi-fluid condition could migrate along their plane 
to the points of greatest relief, the major tectonic lines. And it is 
along these lines, with or without previous faulting, that the most 
favorable conditions were found for the ascension through the over- 
lying beds to the surface. 

Formation of the salt by precipitation from ascending solutions 
is precluded by this supposition. Its rise as a solid, but plastic, 
body is proved by its flattened, undulating form, by its position 
in the folds, curving back to the adjoining beds under its overthrust, 
and by the pinching of strata remnants in little synclines on its top. 
The synchronous appearance of the domes throughout the country 
in post-Pliocene time may be taken as confirmatory evidence. Even 
the great amount of sand, clay, and so forth, twisted into them ac- 
cords well with this. 

Lateral pressure is indicated clearly as the force which caused 
this rise. It caused the great Alpine movements of the earlier periods, 
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which had predominant influence even in this outlying region, 
where it was less intensive and the results not as clearly marked. 
The asymmetric anticlines and great reverse faults show that the 
Carpathian movement, during which the salt appeared, had the 
same origin. Finally, its effect is shown by the shape of the masses 
themselves, flattened and with overthrust lips. 

There are several hypotheses as to how lateral pressure produced 
this rise. Those who attribute the greatest importance to the forma- 
tion of the nappes in explaining the geology would look on this as 
the result of a similar phenomenon. The hypothesis would be that 
great reverse faults brought the salt, in its natural stratigraphic 
position, to the surface, where it was above the uppermost bed of the 
downthrust side. Then in the reaction from this overthrusting there 
would be a movement in normal direction, and the upthrust beds 
would sink back toward their former position. The salt, however, 
being more plastic, would be pinched in the fault area and remain 
at the surface, surrounded by younger beds. 

The form of many ‘‘domes”’ falls in excellently with this theory, 
even having the lip overthrust in the direction of major movement, 
although there are some cases where it goes the other way. Thrust 
faults are practically universal, but while certain domes have a 
much older formation on the upthrust side, there are many with the 
youngest Pliocene formation on both sides, necessitating the com- 
plete return of the enormous throw (equal, at least, to the thickness 
of all Tertiary and Mesozoic strata) which would be necessary to 
raise the salt to the surface. This might be avoided, however, by 
postulating an upward movement of the salt in the fault planes. 
The exceptional cases, where the masses come to the surface at 
other points than the center of the structure, are not easily explained. 

Kraus has advanced an interesting hypothesis. By the resolu- 
tion of a force, such as the downward push of a settling area, he 
obtains a lateral thrust which follows a logarithmic curve. Shaw’s 
Mississippi mud lumps are used as an example of such action at 
present. As Kraus points out, the characteristic form of the salt 
masses approximates the mathematical result as closely as could 
be expected when allowance is made for the other factors. 

Although there is a lack of definite statements in the litera- 
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ture, it is probable that the majority of the geologists believe that 
the salt, at the lines of folding, found the least pressure from above 
and so moved in that direction. 
Baicor The origin of the salt is un- 
known. It is generally regarded as 
coming from deposits in marine 
formations. Prior to the last five 
years, it was firmly held to have 
originated in the receding medi- 
terraneans of the Miocene, there- 
fore known as the “‘Salifere.”’ 
This opinion is still held by some 
(1), although recent work has 
generally discredited it. But 
nothing has been found to show 
the actual source. 
P. Voitestiti (16-19), whose 
work has been most important 
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down successively through the 
Cretaceous and Permian, until 
finally he suggested a precipita- 
tion on the cooling earth-crust as 
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OIL 


Occurrence.—All the production comes from the Tertiary of the 
sub-Carpathian region, although signs of petroleum have been 
found in the Cretaceous and lower Tertiary in the mountains. Of 
this production, about 3 per cent comes from the Middle Tertiary 
of the northern curve (Moldavia), the rest from the Pliocene of the 
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southern curve, the district of typical “salt dome’ oil fields. Be- 
cause of fracturing, traces of oil have been found in practically every 
horizon. All the production, however, is limited to the Kliwa sand- 
stone of the Oligocene, and the Maoetian and Dacian horizons of 
the Pliocene; over 95 per cent of the total, roughly, is divided be- 
tween the last two. 

Attempts have been made to differentiate the oils from the differ- 
ent horizons by their composition, but aside from the general tend- 
ency of Dacian oil to be heaviest, nothing has been shown. There 
is more difference between fields than between horizons. 

All the oil is produced from well-marked uplifts. Those with 
salt “cores,” being the areas of greatest folding, are the locations 
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Fic. 3.—Sketch of Baicoi. Producing areas: (1) Schela Veche, (2) Cotoiu, 
(3) Ferbatori, (4) New Extension. 


of maximum production. All the region is heavily faulted. The 
faults, together with minor irregularities of bedding, have a local 
influence on the distribution of oil on the fold. Great emphasis has 
been laid on these faults in connection with the migration theory, 
which would make them the essential factors for the presence of oil, 
and the fold merely an aid in retaining it. 

Figure 3, showing the Baicoi field, gives an example of areas of 
production on one of these anticlines with a salt “core,” and indi- 
cates the focusing effect of the major structure, and the irregularities 
induced by faults and minor phenomena. 

The relation between salt and oil has been greatly stressed in 
Rumania. Mrazec considered the presence of salt, either solid or in 
solution, as the absolute requisite for the formation of petroleum, the 
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oil here coming from “bituminous aureoles’” formed about the 
masses. More recently, the adoption of the migration theory has 
led to the belief in the ascension of the oil along paths opened by the 
salt. 

Practically, this has aided the efficiency of Rumanian oil geology. 
Although producing fields exist on simple anticlines in this region, 
by far the greatest amount of production comes from those inclosing 
salt masses. The heightening of the uplift, induced by the presence 
of the salt, correspondingly increases the likelihood of production. 
Thus the presence of salt is always of interest, and in cases where 
only flat recent terraces are exposed, the indications of such a mass 
give the best reasons for exploration. Murgoci’s recent work at 
Floreshti gives an excellent example of the discovery of a salt mass 
solely from topographic evidence. 

Source of the oil.—The source of the oil, like that of the salt, is 
a matter of contention. Mrazec’s theory of origin about the salt 
mass named the Miocene strata, included with the masses as Salifere, 
as the source beds. This was generally accepted in spite of the 
absence of organic material in these strata. Migration was given as 
the cause of its appearance in horizons both above and below these. 
When opinion changed with regard to the source of the salt, this 
position was abandoned, and the oil source beds were looked for 
elsewhere. 

P. Voitesti, in moving downward the source of the salt, continued 
to seek farther down for that of the oil. Although he does not place 
it definitely, the idea is given that he favors another precipitation, 
this time of petroleum, on the pre-Archean crust. Murgoci (10) 
has turned definitely to vulcanism, a theory which has always had 
more supporters in Rumania than in America. Except for the state- 
ment by Galician workers that the Moldavian oil comes from the 
same Oligocene beds as does their own production to the north, the 
other writers are vague in regard to the source, but invariably lay 
stress on migration to account for its present position. 

Although the consensus of opinion is against it, the writer is in- 
clined to favor an endogenetic source, the origin of the oil in Oligo- 
cene, Maoetian, and Dacian formations where it is found. 

Those who support the migration theory have presented con- 
siderable evidence. They point out that the fossils of the producing 
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formations are not marine types and that the presence of lignite 
beds in the Dacian shows fresh-water or deltaic conditions, while 
oil source beds in most of the world are considered as of marine 
origin. They show that the great amount of faulting would furnish 
the necessary migration planes. Unbroken anticlines are known 
where the Dacian is barren, and they claim, therefore, that this for- 
mation will be productive only where its upturned edge is pinched 
along the salt contact, where the oil has entered. In certain fields, 
the lower the sand, the larger the producing area and the greater 
the amount of oil produced. This fact has been mentioned as still 
further evidence that the oil comes from below. 

In the writer’s opinion, the endogenetic theory is at least equally 
applicable to the oil occurrences so far as they are known. This was 
originally suggested by an examination of the stratigraphic column, 
where clay and shales resembling, in their texture and carbonaceous 
content, the beds which are considered as the source of oil in Ameri- 
can fields were found only in the producing formations. It seemed 
unlikely that oil should ascend from below and, merely by accident, 
find reservoirs there. Then, in certain fields, some of the sands are 
lenticular, and production has been found where the sand body is 
completely isolated from breaks that would give access to rising oil. 
Only one or two unbroken anticlines, and these comparatively small, 
have been tested. Although no oil was found in the Dacian, it was 
found in small quantities in the Maoetian, which is usually the great- 
est producer. The relative lack of success could be laid to the rela- 
tive gentleness of the folds. As for the pinching of the upturned 
edges of the producing formations, which was considered essential 
for the presence of oil, this very pinching would seem to prevent 
migration down the slope of the strata from the salt contact as it 
has aided in preventing its escape up the slope. 

Finally, although there is much yet to be learned, the adoption 
of this theory has the advantage of furnishing a much simpler work- 
ing hypothesis. 

RUMANIA AND THE GULF COAST 

The chief similarity of the Rumanian oil fields to those of the 
Gulf Coast is, of course, the accumulation of oil on structures having 
salt cores. The salt is the same, practically pure sodium chloride, 
with extraneous inclusions and “rock flow” lines, and without the 
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potassium and other salts of the German deposits. It has appeared 
in its present position from a source that is also unknown. The re- 
semblance of form of typical masses is limited to the fact that their 
surfaces are small in comparison to their great depths. 

The differences arise from the incomparably greater movement 
which is manifest in Rumania. Thus there is a series of well-defined, 
steep folds throughout the region, instead of the normal low-dipping 
strata of the Gulf Coast, disturbed only in the immediate vicinity 
of the salt. The salt masses themselves have been flattened parallel 
to the anticlinal axes and overthrust above the steeper side. ‘This 
deformation illustrates clearly the effect of the force which caused 
the rise of the salt on the mass itself, when it is contrasted with the 
unchanged, circular plugs of our own fields. 

Whereas the upward movement of the Gulf salt seems to have 
occurred at various times, including the present, the rise of the Ru- 
manian salt is restricted to the post-Pliocene interval. 

There is no “‘cap-rock” in Rumania, such as that in the Gulf 
Coast. Lacking this, and with no covering but the loosely consoli- 
dated Recent beds, oil never accumulates on top of the salt. 


CONCLUSION 


Thus, a summary of conditions in this other region producing oil 
from salt-cored structures shows more disparity than similarity. It 
furnishes an example of a region where the “‘domes”’ evidently were 
formed by the force of lateral pressure, and the similarities which 
exist may show a certain amount of causal relationship. The pre- 
ponderating difference, however, would justify those who believe 
that other forces are mainly responsible for the existence of the Gulf 
Coast domes. 
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THE UPTHRUST OF THE SALT MASSES OF 
GERMANY? 


HANS STILLE 


ABSTRACT 


The Zechstein salt deposits of middle and northern Germany were laid down in a 
sinking basin in which sinking came to an end during the Jurassic, except in northern 
Germany, where it persisted into the late Tertiary. The beds deposited in this basin 
were involved in the Saxon mountain-building movements, which contrast with the 
older, Variscan movements in being intermediate in character between folding and 
block faulting. The Saxon movements were periodic and not continuous. That the 
movements were due to compressive thrust is shown by the fact that the “‘horsts” were 
uplifted. 

. The salt bodies are found in the form of “salt. beds,” “salt anticlines,” and “salt 
stocks.” ‘Salt anticlines” are normal anticlines both in the form and inner structure of 
the salt and in the structure of the sedimentary cover. The “‘salt stocks” are strongly 
folded, subcircular to elongated masses of salt which are upthrust into faulted rather 
than folded adjacent formations. 

The main theories proposed to explain the upthrust of the salt are three: Lach- 
mann’s ‘“‘atectonic” theory, the “isostatic” theory, and the theory of upthrust by lateral 
thrust. Lachmann’s ‘‘atectonic” theory of upthrust of the salt by an inherent auto- 
plastic force is no longer current. The formation of the salt anticlines by the compressive 
thrust of the Saxon orogenic movements is very generally accepted by German geolo- 
gists. But as there is every gradation in form between the characteristic salt anticline 
and characteristic salt stock, as the gradation from one to the other can be followed on 
the same anticlinal axis, and as with a rare exception the periods of movement in the salt 
stocks coincide with the periods of the Saxon orogenic movements, it seems reasonable 
to believe that all have been caused by the same force. The difference in the resulting 
forms is due rather to the difference in the materials acted upon than to difference in the 
forces acting. The salt is more plastic and therefore more mobile than the ordinary 
sedimentary rocks, and is therefore the more easily deformed. Under intensive deforma- 
tion, it advances far ahead of the other rocks, and thus a salt stock is the extreme form 
of an anticlinal core. The tectonics of salt upthrust are therefore a phase of the tec- 
tonics of mobile materials and are intermediate between the normal tectonics of folding 
and the tectonics of magmatic intrusion. 

DaCabs 


THE FORMATION AND SECULAR SINKING OF THE 
ZECHSTEIN SALT 


The folding of the Variscan mountain system which traversed 
middle Europe in the later Paleozoic was succeeded by depression 
which prepared a broad basin into which the sea penetrated at the 
beginning of Zechstein time. The extent of this sea in German terri- 
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tory can be seen from Figure 1. Toward the northwest it stretched 
to middle England; toward the east it had a broad connection with 
the Russian late Permian basin. This Zechstein sea has left behind 
the most widely extended salt deposit that has ever been formed in 
the course of the earth’s history. A valuable feature of this salt de- 
posit is its well-known succession of beds of potash salts, which were 
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Fic. 1.—Map showing the probable extent of the German Zechstein Sea 


deposited principally in the German portion of the great basin, in 
general in a single series, but in certain areas, in two series. 

The Zechstein was followed by the Trias; the great basin, which 
had become land during the formation of the salt deposits at the end 
of the Zechstein, broadened into the basin of the Germanic Trias, and 
within those extended boundaries the sinking movement continued. 
Buntsandstein, Muschelkalk and Keuper were deposited above the 
Zechstein salts, which sank correspondingly. Even in the older 
Jurassic, this sinking process continued generally, but began to be 
differentiated. In the southern and middle portion of the former 
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Zechstein area, the sinking gradually came to an end; while in the 
north, in the “North German basin,” it continued. There, Dogger 
and Malm, Cretaceous and Tertiary were deposited in great thick- 
ness, although farther south, in the area which formed the ‘Middle 
German continent” of that time, these beds are wholly or almost 
wholly lacking. In the north the salt sank many thousands of meters 
below the surface; in many portions of the ‘“North German basin,” 
the lower Cretaceous alone has a thickness of over a thousand meters. 
The great thickness of this sedimentation indicates the “North Ger- 
man basin” especially, as well as the Zechstein-Triassic basin in 
general, as a geosyncline, if by “‘geosyncline” we understand broadly 
a secularly sinking area of sedimentation without regard to the char- 
acter of the sedimentation which took place in it, without regard to 
its shape, and without regard to the form of the mountain-building 
which affected it. By the sinking that has been described and by 
burial under an ever increasing mass of sediments, the salt reached, 
in the course of time, warmer and warmer regions. The salt com- 
pounds, formed at the temperature of the Zechstein times, in part be- 
came no longer stable; varied thermo-metamorphism set in (21, 23)? 
and changed the original composition and structure; thus the para- 
genesis, sylvinite-kieserite, which as Hartsalz is widely extended 
through the German salt deposits and which can form only above 
72° C., can be explained according to Arrhenius’ theory (2, 3) as the 
result of thermo-metamorphism consequent upon the geosynclinal 
sinking of the Zechstein salt. From the thickness of the overlying 
sedimentary cover of that time ‘and from the geothermal gradiant, 
it is possible to calculate at about what time the Harisalz of the vari- 
ous portions of the Germanic basin formed from the original salt 
compounds. Beneath the present southern Hannover area this must 
have happened about during Lias times. 


THE SAXON MOUNTAIN-BUILDING OF GERMANY, THE FRAME 
OF THE TECTONIC DEFORMATION OF THE SALT MASSES 


The downward movement of the salt was of varying intensity. In 
the ‘North German basin”’ it carried the salt several thousand me- 


* Numbers in parentheses refer to the bibliography at the end of the paper. 
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ters below sea level. In Middle Germany, in those areas which since 
Dogger times have belonged to the Middle German continent, it was 
of far less intensity. 

The uplift of the salt to the levels at which wells and shafts now 
reach it stands in the closest dependence upon the “Saxon” moun- 
tain-building. 

Two great mountain systems are to be distinguished in the sub- 
surface structure of Germany. The older, the Variscan, has already 
been mentioned; it was oblit- 
erated at the end of the Pale- 
ozoic. The younger is the 
Saxon, which in form, is widely 
different from the older. If the 
older can be said to be true 
folding (“Alpine type” of 
mountain-building), the 

Fic. 2.—Diagrammatic sketch illustrat- penne ican be paid be have ex- 
ing: (a) normal folding, and (6) fault. Presseditselfin faulting (“Ger- 
folding. manic type’’ of mountain- 

building) with subordinate 
folding. Yet in the “‘block terrane” of Germany it is possible to recog- 
nize an arrangement of structure along certain lines of uplift and 
depression, just as in folded mountains the strata are elevated along 
certain lines (anticlinal axes) and depressed along others (synclinal 
axes). The Saxon mountain-building consequently has as its basis 
a certain fold plan in which the folds, in contrast to the normal type 
of folding, are allied in strong degree, already im statu nascendt, with 
faults (compare Fig. 2). They are spoken of in this sense as “fault 
folds” (Bruchfalten), which in the series of tectonic forms take an 
intermediate position between true folds and block faults. 

The conception that lateral pressure had created the Saxon 
“fault-folding” was strongly contested up to about ten years ago, 
but at present it seems to have found general acceptance among the 
German geologists. The deviation of the forms from the normal 
forms of folding, especially through the cutting of the folds by a host 
of faults, may be explained by the increased stability which the sub- 
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surface had gained through the Variscan folding and by the mag- 
matic-volcanic processes which took place with that folding and in 
consequence of it. 

A normal fold of folded terrane and a fault-fold of the German 
block terrane are illustrated in Figure 2. In fault-folding, the horst 
(H) corresponds to the anticline of the normal folding, and the grab- 
en (G) corresponds to the syncline. 

The Saxon mountain-building favored the southeast-northwest 
(Hercynian) direction. The Rhenish, north-south, direction also is 
strongly in evidence in a broad zone which lies east of the Rhenish 
mass of Paleozoic schists, in prolongation of the upper Rhine graben, 
and which extends far to the north past Hannover and Liineburg 
into the area of the lower Elbe. A phenomenon which is of great 
significance in the explanation of the occurrences of the salt is abund- 
antly recognizable: the intersection of the axes of elevation and de- 
pression of Hercynian and of Rhenish directions, respectively, give 
rise to interference phenomena, as, for example, an especially strong 
uplift where two zones of uplift cross, or an especially strong depres- 
sion of the subsurface where two lines of depression cross. That the 
Saxon orogenesis, like orogenesis in general, took place in individual 
periods, broken by long periods of relative quiescence in which ex- 
clusively movements of epeirogenic character set in, is no longer con- 
tested from any side. These periods are recognized by the demon- 
strable angular unconformities within the sedimentary series of 
Germany. It thereby becomes recognizable that it is a question of 
the same periods which elsewhere in the world are evident in the late 
Mesozoic—Early Cenozoic time. Up to perhaps twenty years ago, 
it was believed that there were not more than two periods which 
came in the Miocene, but evidence has now been obtained of other, 
especially older, mountain-building, of which the earliest, the Cim- 
merian, took place in three subperiods at the end of the Jurassic. It 
corresponds to the Pacific revolution in America. Other periods fol- 
lowed in the Cretaceous, and a very important movement took place 
at the end of the Cretaceous and the beginning of the Tertiary, con- 
temporaneously perhaps with the Laramide Revolution of North 
America. New orogenic movements set in at the end of the Eocene 
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and Oligocene; several followed even in the late Tertiary ; and in fact 
weak echos are evident in the Quaternary. In the orogenic periods, 
the beds which had gradually sunk during the preceding time and 
which had been correspondingly deeply buried under sediments 
were again moved upward in broad zones in the formation of a fault- 
fold system. Downward movement, however, soon set in again in 
many places, and after the fault-folds had been planed off by a denu- 
dation, they were covered anew. The renewed movement of depres- 
sion then continued until another orogenic period brought about yet 
another movement of uplift. Thus it is possible to recognize in the 
North-German basin a repeated alternation of long-continued de- 
pression broken in certain zones and along certain lines by spon- 
taneous upward movement. 

James Hall recognized in North America as much as sixty-five 
years ago that folding sets in where the sediments are very thick 
that is, to use Dana’s expression, in geosynclines, while the up-arched 
areas in which there was little or no sedimentation are spared by the 
folding. This fundamental law of mountain-building is proved true 
also among the lesser structural features of the Saxon areas. Where 
sedimentation did not take place after Variscan times or was small 
in amount, that is, where the sinking of the ground soon came to a 
stop, we have only weak Saxon mountain-building. Conversely, the 
folding was most intensive where, after the Variscan folding, the 
subsurface sank the deepest, and where, correspondingly, the young- 
er sediments were deposited in the greatest thickness. Quite in the 
sense or in the extension of Hall’s thought, in fact, it is possible to 
recognize in individual basins, as, for example, in the so-called sub- 
Hercynian basin, increases in the intensity of folding with increase 
in depth of the basin. 

Since the upward movement of the salt masses is most closely 
connected with the Saxon fault-folding, and especially since tension 
phenomena are not lacking within the fault-folded zone, it may be 
asked whether the explanation of the fault-folds by lateral thrust is 
to be accepted unconditionally. 

Edward Suess, as a matter of fact, in The Face of the Earth, wished 
to explain the German “block terrane” by differential downward 
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movement according to the example of horsts and grabens. But 
subsequently it has become possible to divide the Mesozoic-Ceno- 
zoic tectonic processes into individual periods, and by comparison 
of the successive steps to win a deeper insight into the nature of the 
processes. Especially it has been shown that in the orogenic periods 
in which the faults and fault-folds arose, the rock masses affected in 
no case moved downward but instead moved upward. Bedswhich be- 
fore the orogenic movements had lain deep below sea level, after 
those movements were exposed to sub-aerial denudation as part of 
the fault-fold system which had arisen in the meantime. Following 
peneplanation, the area was soon again covered by a new transgres- 
sion. This problem, which is so important for a comprehensive con- 
ception of the Saxon mountain-building, was discussed more in de- 
tail by the author in rgr1 (32). 

In this Saxon folding the terrane which was being changed over 
into a fault-fold mountain system was moved upward and, in fact, 
differentially, just as in true folding a differential upward movement 
takes place, stronger in the anticlines and somewhat weaker in the 
synclines. The graben in a fault-fold system has not sunk, but has 
been raised less than the horst, just as, in folded systems, the beds 
in the syncline have been raised less than those in the anticline. But 
as yet it has been possible to recognize outside of lateral pressure 
scarcely any force which could move a block system differentially 
upward, 


THE PRESENT FORMS OF OCCURRENCE OF THE SALT MASSES 
OF THE GERMAN TERRANE 


The outer form and inner structure of the salt masses are inti- 
mately related to one another, and in this relationship we recog- 
nize everywhere a more intense deformation of the salt than of the 
adjacent formations and cover. This effect without doubt is the 
result of the high plasticity of the salt. Even at normal temperature 
and normal pressure the salt has a relatively high plasticity, which 
increases extraordinarily with increasing pressure and increasing 
temperature, as has been shown experimentally by Milch (x9) in re- 
gard to the temperature and by F. Rinne (20, 21) in regard to 
pressure. 
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The following three main types can be distinguished among the 
various forms of the German salt deposits: 

a) Salt beds (Salztafeln) 

b) Salt anticlines (Salzsdttel) 

c) Salt stocks (Salzstécke) 

Salt beds—The salt beds (see Fig. 3a) are horizontally lying or 
gently inclined platelike masses of salt formations regularly inter- 
calated between the middle Zechstein below and the Bunstandstein 
above. Within the salt beds the individual strata in general are regu- 
\arly concordant with one another and with the overlying and under- 
lying formations; yet abundant irregularities and folds are met with 
which are not present in the overlying and underlying strata. Even 
overturned folds projecting far out, with salt strata thinning and 
thickening, are encountered in many places in the salt beds; such 
phenomena are all the more surprising in view of the great regularity 
of the bedding of the overlying Buntsandstein. The ‘‘salt beds” are 
present south of the Harz (south Harz area) and west of the Thur- 
ingian Forest (Werra area). 

Salt anticlines—The salt anticlines (Fig. 3b) are up-archings 
which have affected the salt and the overlying beds in somewhat the 
same degree, so that the salt is the core of an anticlinally folded com- 
plex of Buntsandstein beds. Although there are many types of spe- 
cial complications (21, Tafel 11), the bedding within the salt mass in 
general is anticlinal. If the salt core of the anticline has. approached 
the surface and has come in contact with the ground water, a “salt 
table” (see below) is developed at the top of the salt core as the re- 
sult of subsurface solution of the salt (Fig. 3c). Asa result of such 
solution, the overlying beds sink and in certain areas of middle Han- 
nover, the Tertiary is found preserved in “‘solution-grabens” above 
the salt, while off the salt, where the downward movement did not 
take place, it has been more or less completely removed by denuda- 
tion. 

Salt stocks —It is in the German salt stock that the American 
geologist is especially interested, for in the first place the salt stocks 
are very similar in their general appearance to the salt domes of 
Texas and Louisiana, and in the second place oil is found in many 
places on their flank zones, as in Texas and Louisiana (Wietze- 
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Steinforde, Hanigsen, Oelheim). Their genesis has been the most 
disputed question of all the German salt occurrences. They show 
special peculiarities as to: (r) their outer form and especially their 
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Fic. 3.—Tectonic forms of the occurrence of the German salt deposits: (a) “salt 
bed,” south of the Harz; (6) salt anticline, South Hannover; (c) salt anticlines with 
“salt table,” Hildesheim; (d) transition between salt anticline and salt stock, Benthe; 
(e) salt stock, North Hannover. Stratigraphic legend: D, Diluvium; }, Tertiary; CO, 
Upper Cretaceous; J, Jurassic; 4;, Upper Triassic (Keuper); #2, Middle Triassic 
(Muschelkalk); t; Lower Triassic (Buntsandstein); Y, Residual gypsum cap; S, Salt 
formations with potash beds in heavy black lines; CU, Lower Cretaceous 


position with reference to the adjacent formations, and (2) their in- 
ner structure. 


The salt stocks are salt masses of circular, elliptical, elongated, or 
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quite irregular plan, rising from great depths where in general they 
still have their roots. They no longer stand in the normal relation to 
their original cover, the Buntsandstein, but usually have penetrated 
into far younger beds, as for example into Cretaceous and Tertiary 
formations. Triassic and Jurassic beds are lacking on the salt stocks 
in extreme cases or are present as intermediate blocks between the 
salt and the younger adjacent formations. The salt is cut off above 
by a salt table (6) which is a more or less flat plane, formed by sub- 
surface solution. The salt table in Hannover, the classic land of the 
salt stock, lies at a depth of around one hundred to two hundred 
meters (29). It is covered by residual gypsum (gyp cap), which is a 
residual formation resulting from the anhydrite originally held in 
the now dissolved salt. 

The flanks of the salt stocks are in general extremely steep, but 
in many cases have gentle dips to great depths. It is observed in 
many cases that the flank of the salt stock bends in a “‘swan’s neck”’ 
curve, and in a few cases this curve is present on all sides, so that the 
salt constricts in funnel shape downward; in extreme cases the salt 
stock may terminate in a point downward and stand as a great iso- 
lated salt drop floating in younger formations. 

The inner structure of these salt stocks has become known in de- 
tail through potash-mining. In general, intensive folding is revealed, 
often of the isoclinal type, which expresses itself in a multiple repeti- 
tion of salt beds in the same profile (see Fig. 4). In that folding, the 
single beds undergo mechanical thickening and thinning such as we 
know in the Alpine types of folding; such phenomena are most easily 
recognized through the potash beds; in the limbs of many folds, these 
show supernormal thicknesses, although in other places they have 
thinned until they are unworkable. Thus in the Riedel shaft (north 
Hannover), a series of salt beds which normally possess a thickness 
of sixty meters is only two meters thick in places, yet each individual 
bed is discernible though proportionately thinned (28). In rock salt 
which shows “yearly rings” (Jahresringe) with a greater or lesser 
content of anhydrite, Seidl (25, 26) has differentiated “compression 
salt” (Stausalz) and “tension salt” (Zerrsalz). In the compression 
salt, the yearly rings have separated from one another, while on the 
contrary in the tension salt they have approached one another, since 
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the salt has been very greatly squeezed. The salt formations of the 
Zechstein in fact comprise beds of varying plasticity; carnallite is 
less plastic than the rock salt (21), and least plastic of all is the an- 
hydrite, which occurs in thin beds as well as in the “main” anhydrite, 
with a thickness of forty to fifty meters. The “main” anhydrite, 
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Fic. 4.—Section through the Riedel shaft (North Hannover), showing the fold- 
ing of a single stratum in the potash salt beds. 





(Hauptanhydrit) and in part also the “gray salt clay” (Grauer salzton) 
that accompanies it, show quite a different reaction to the tectonic 
forces from the rock salt and potash salt. The “main” anhydrite in 
most cases does not take part in the intensive folding, and does not 
deform plasticly like the salt, but in many cases is shattered. There 
arises therefore the form which has been designated by Seidl (25, 26) 
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in correspondence with Mrazec as “diapir’’ folds, in which the more 
mobile salt wells up through the gaps in the “main” anhydrite. 

Although the salt shows the typical phenomena of folded forma- 
tions, the surrounding younger beds, everything considered, are dis- 
placed more after the type of block faulting. 


THEORIES OF EXPLANATION OF THE UPTHRUST OF THE SALT 


Atectonic upthrust of the salt masses—The theory of upthrust of 
the salt independently of the normal tectonic forces has been advo- 
cated in Germany especially by R. Lachmann (12-18). The peculi- 
arity of the phenomena which have just been described in their 
larger phases led him to the conception that any explanation through 
the normal theories of tectonics is not possible and that in the up- 
ward movement and deformation of the salt masses, therefore, quite 
other forces must have acted than those which deformed the adjacent 
rocks. He therefore spoke of an ‘‘autoplastic’”’ upthrust of the salt 
masses, that is, an upthrust of the salt by forces which are located 
substantially in the salt. He had an idea especially of a molecular 
movement of dissolved material from zones of strong pressure to 
zones of lesser pressure, that is, from the great depths toward the 
surface. Through such processes of solution and recrystallization, the 
salt was supposed to have broken through the earth’s crust as an ulcer 
breaks through the skin of an animal; hence Lachmann’s designa- 
tion, ‘‘salt eczeme.’’ Lachmann did a very great service in having 
aroused discussion over many questions of the occurrence of the salt, 
but his theory lacked a satisfactory physical explanation for the as- 
sumed autoplasticity of the salt masses. 

Tsostatic upthrust of the salt masses —Although isostasy has been 
awarded in Europe, and especially in Germany, only a secondary sig- 
nificance as the cause of the present structural relations of sedimen- 
tary beds, it has enjoyed more common acceptance as the cause of 
salt upthrust. E. Harbort (8-10) especially recognized the motive 
force for at least a part of the salt upthrust in the loading of the salt 
masses that already were present in a strongly plastic condition at 
great depth, and that therefore were already capable of being up- 
thrust. According to Harbort, who did not misunderstand the posi- 
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tion of the salt masses in the cores of the anticlines in the province 
of Saxony, in the sub-Hercynian basin, in southern Hannover, etc., 
the upward movement and the folding of the salt in the older Saxon 
periods was a folding phenomenon which affected the salt masses 
more strongly than the less mobile adjacent formations; but accord- 
ing to him, the latest upward movements at least are to be explained © 
through the loading of the deeply buried salt by the younger sedi- 
mentary masses and the subsequent passage of the salt upward along 
fractures after the manner of a magma. Prominent students of salt 
domes such as Beyschlag (4), Seidl (26), and to a certain extent also 
Rinne (23-24) share Harbort’s conception. Lachmann also ap- 
proaches very near to it in leaning toward Arrhenius’ (2, 3) ideas. 
Interested in the salt dome problems by Lachmann, who hoped to 
get from him a physical explanation of the atectonic upthrust of the 
salt, Arrhenius attributed the upward movement of the salt mass to 
its lesser specific gravity, compared with that of the normal rocks. 
He seems to have assumed that the salt stocks in general are sur- 
rounded by wet soft clay or even by ground water. 

U pthrust of the salt masses through folding.—The chief exponent of 
the conception that in the upward movement of the salt the same 
forces have been active as in the adjacent formations, that is, in last 
analysis, lateral compression acting in the earth’s depths, is the 
author (27, 29-31). In this theory, the cause of the peculiarities of 
the tectonic forms of the salt masses lies exclusively in the peculiari- 
ties of the materials in question. It is not that different forces have 
acted in the salt and in the adjacent formations, but rather that the 
same forces have worked differently, and they have worked differ- 
ently because of the different character of the materials. 


THE INTERPRETATION OF THE SALT UPTHRUST IN THE 
FRAME OF THE SAXON STRUCTURE 
AS A WHOLE 


Everything considered, the theory of atectonic change of form of 
the salt formations can be regarded as overthrown. In opposition to 
one another there remain therefore to be evaluated the theories of 
isostatic upthrust and upthrust through folding. 

The continuity of the forms of occurrence of the German salt deposits. 
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—Unquestionably one main error has repeatedly been made in the 
investigations and discussions of the German salt bodies, that is, 
that to account satisfactorily for a single object or a single type will 
solve a problem which in the last analysis must find its explanation 
in the consideration of the totality of the phenomena. Scientific con- 
troversy in Germany turned in the main around the salt stocks (“salt 
pillars,” “salt eczemes’’), although there is a certain agreement to 
the effect that the salt anticlines were the result of the lateral pres- 
sure that had affected the other rocks of the German terrane. But 
one may not regard the salt stocks apart from the other occurrences 
of the salt, especially the salt anticlines. The salt stocks are con- 
nected with the salt anticlines: (1) as types of phenomena; (2) in 
space. 

The connection as types of phenomena consists of a complete 
series of intermediate forms between the typical salt anticline and the 
typical salt stock, not only in regard to position in reference to the 
adjacent formations, but also as to the yet more complicated inner 
structure (see Fig. 3). Certainly an anticline as we find it at Salzder- 
helden, in south Hannover, where the salt shows no great special 
complications in its inner structure and where it is regularly covered 
and mantled by the older Triassic as the core of an anticline, is im- 
mensely different from a typical salt stock of the Liineburg type, 
where a huge pillar of salt sticks up in the middle of Cretaceous and 
Tertiary beds, even lacking, in some cases, the intermediate beds of 
Triassic and Jurassic, and where there prevails a folded structure 
which is comparable to the Alpine types of folding. But between 
these two there stand other forms, anticlines in which the salt core 
has experienced a somewhat intensified upward movement so that 
perhaps it is mantled in some parts by Buntsandstein but in other 
parts by much younger beds, in which, however, the anticlinal char- 
acter is visible both in the inner structure as well as in the anticlinal 
structure of the adjacent formations. Such intermediate forms are 
met, for example, east and west of the city of Hannover. The series 
of the forms of the salt bodies can be begun with the flat salt beds, 
which can be thought of as derived from salt anticlines by the 
decrease of the dip of the wings, such a series, from the salt bed 
through the salt anticline to the salt stock, is represented in Figure 3. 
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If these natural relationships had been kept more sharply in view, 
much misdirected effort in working out the tectonics of the salt de- 
posits would have been avoided. 

With regard to their connection in space: the three main types of 
salt occurrences are somewhat separated in their geographical rela- 
tions; the flat salt beds are found in general in those areas where 
the downward movement came to an end in the early Jurassic and in 
which therefore the salt sank only a relatively small distance. These 
areas have experienced only slight post-Variscan deformation in con- 
nection with the relatively slight post-Variscan sedimentation. 

The salt stocks are confined to the areas of stronger post-Varis- 
can sinking and sedimentation, that is, especially the North German 
basin. 

The salt anticlines are found in their characteristic form in the 
transition areas, therefore in the areas of medium sinking and sedi- 
mentation. 

Certain zones of uplift can be traced from the peripheral areas 
far into the North German basin (35); and with the advance into the 
latter, along one and the same line of uplift, the form of the anticline 
goes over more and more into the form of the salt stock. 

The time relations of the upthrust of the salt.—Of decisive impor- 
tance for the significance of a salt upthrust are its time relations 
compared with the time relations of the other Saxon tectonics. In 
both cases time relations are ascertained through the help of angular 
unconformities, and it is to be said that in general the same series 
transgress over and around the salt formation which transgress dis- 
cordantly elsewhere in the Saxon area. From those relations as well 
as from the massive sedimentation in the intervals between the peri- 
ods of deformation of the salt formations, it follows that the salt beds 
participated in the above-described upward and downward move- 
ment of the Saxon fault-folding in the alternation of orogenic and 
epirogenic processes, and that they participated in a far stronger de- 
gree in the upward movement than the non-saline formations; the 
author illustrated this in a diagram published some time ago which 
showed only four periods of orogenic upward movement, but newer 
investigations now indicate that the number of the periods is much 
greater. To the transient character and periodicity of the folding 
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and of the upward movement of the salt masses, an exception is to 
be taken farther on, but if this exception is disregarded, it follows 
(27) that the salt has been folded and has been moved upward in the same 
orogentc periods which are recognizable elsewhere as the periods of fold- 
ing tn the German terrane. 

The salt stock as the extreme form of an anticlinal core-—The posi- 
tion of the salt in the core of an anticline is very clear in the case of a 
salt anticline; the clarity, however, decreases with the transition to 
the salt stocks, and in individual extreme cases of salt stocks, the 
anticlinal position is perhaps no longer recognizable; but, as we have 
seen, salt stocks are tied together by transition of form and transi- 
tion in space with salt anticlines, so that both must be explained in 
the same way. They fall, moreover, into the same periods of forma- 
tion, if again we neglect the exception previously mentioned. The 
salt stocks, in last analysis, are the extreme form of anticlinal cores, 
in which the anticline is modified to unrecognizability; they are anti- 
clinal cores that have advanced far ahead of the anticlinal wings and 
in the process have undergone an extensive change of form. 

The rounded horizontal plan of many of the salt stocks does not 
contradict the conception of the salt as an anticlinal core; compar- 
able forms, the so-called (structural) domes, are known also in Saxon 
structures of non-saline formations, and in fact they occur in many 
cases as the result of the summation of effects at the intersection of 
two axes of uplifts (see above). Thus it can be recognized that in 
many places in north Hannover the salt stocks lie at the intersection 
of the lines of uplift of Hercynian and Rhenish direction (29). In 
general, as in the Saxon tectonics, a substantial réle is played by in- 
terference phenomena in determining the distribution and form of 
the salt bodies. 

It appears therefore from (1) the recognizability of the occur- 
rence of the salt as anticlinal cores or as derived from such through 
intermediate forms and through gradation in space, and (2) the con- 
temporaneity of the upthrust of the salt with the periods of the Saxon 
folding, that it is not pertinent to call on other forces for the folding 
and uplift of the salt than those which folded and uplifted the non- 
saline beds of the German terrane. 

The thesis is untenable and as yet has never been seriously advo- 
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cated that in salt anticlines the lateral formations have come into 
their present position through folding, while the salt has come into 
its present position in the anticlinal cores and has been deformed in 
general by other forces. If the salt anticlines have arisen under the 
same compression which, acting upon the earth crust, led to the 
Saxon folding, the same theory of origin should be valid also for the 
salt stocks, which are traceable from the salt anticlines in all degrees 
of transition. That the upward movement was far stronger and the 
inner deformation far more intensive than in the non-saline beds is 
explained by the extraordinary capacity of the material for deforma- 
tion. By “‘inharmonious”’ folding the author understands the quan- 
titatively and qualitatively unlike reaction of different rock masses 
of the same section to mountain-building forces. Thus schists fold 
much more intensively than the overlying quartzites and in many 
cases force themselves injectively into the gaps in the quartzite 
masses. The salt tectonics are nothing other than an extreme form of 
inharmonious folding (31). In Figure 5, in case (a) it is assumed that 
the beds from a to /, including beds ¢ and f, have reacted harmoni- 
ously to the folding force, and thus a normal anticline arose, cut by 
a few faults. In contrast to this, in case (b), bed ¢ is assumed to be 
highly mobile (salt) and bed f is assumed as more strongly mobile. 
When bed c is strongly compressed it advances far ahead of the over- 
lying beds and bed f is disturbed in an increased degree next to the 
salt. 

By the advocates of the theory of the autoplastic upthrust of the 
salt, it is assumed that the formations underlying the salt (middle 
Zechstein) are not involved in the upward movement and folding 
which affected the salt. Borings and exposures in shafts show the 
opposite; but that the more stable underlying formations are far 
less affected than the much-disturbed salt is quite in accordance with 
the picture of inharmonious folding. 


THE SALT UPTHRUST AS AN INTERMEDIATE FORM BETWEEN 
NORMAL TECTONICS AND VULCANISM 


Harbort, Rinne, and others have compared the upthrust of the 
salt with eruptive processes, since they assumed the cause of the up- 
thrust to be the weight of the overlying sediment; but under the ex- 
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planation of the upthrust of the salt through lateral compression, 
the comparison with the upwelling of magmas still stands, so that in 
this sense the salt upthrust is “injective folding” (31). Salt tectonics 
therefore fill a gap in “normal tectonics,” that is, between the tec- 
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Fic. 5.—Diagrammatic sketch showing the relation of the form of folding to the 
mobility of the rocks. 


tonics of rocks of normal mobility and the tectonics of vulcanism, 
if we except from the latter the explosion phenomena developed by 
gas pressure, that is, if we take vulcanism especially in the sense of 
the deep-seated vulcanism (34). In recent times in Germany, Hans 
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Cloos, starting from the micro-structure of the plutonic rocks, has 
advocated tectonic thrust as the cause of the rise of magma and its 
penetration into the beds of the earth’s crust in the form of lacco- 
liths; he has spoken of vulcanism as “‘the tectonics of highly mobile 
materials.” Vulcanism, of course, is differentiated from the oro- 
genesis of normal rocks in that it is not only tied up with the orogenic 
periods of the past, but in that it also occurs outside of those periods 
in times which in the structure of the normal rocks are characterized 
as exclusively epeirogenic. Not only the strong forces which are at 
work in orogenesis but also even the far weaker ones which call 
forth epeirogenesis, therefore, are capable of setting magma into 
movement on account of its high mobility. Salt in this regard is 
intermediate between the normal rock and the magma. If it was said 
previously that the folding and upward movement of the salt were 
confined to the well-known orogenic periods of Mesozoic and Ceno- 
zoic tectonics, the salt appears also exceptionally to have been highly 
disturbed once outside of these periods. Gripp (7) thinks he recog- 
nizes such an exception in one region in which the salt formations 
feeding the salt rock sank very deep and therefore were especially 
mobile. With that exception, the law of the time relations of oro- 
genesis, that is, that orogenesis is confined to very definite periods of 
the earth’s history which possess more or less world-wide significance, 
is valid for normal tectonics. Its validity for vulcanism, on the con- 
trary, if we accept vulcanism as tectonic in Cloos’ sense, is incomplete 
for although orogenic times are in general periods of increased vul- 
canism, yet vulcanism can take place outside those periods. For salt 
formations, also, the law of the time relation of orogenesis holds only 
with restrictions. As was expressed by Rinne, magma and salt, as 
mobile materials, as masses with very high capacity for deformation, 
react to tectonic forces far earlier than the rigid rocks (24). 

The salt structure and even its extreme form, the salt stock, 
become understandable as structures of uncommonly mobile masses. 
The highly peculiar phenomena shown by the salt structures are 
sufficiently explained thereby and need not mislead us into postulat- 
ing for their formation forces other than those which have given the 
non-saline beds their tectcnic forms. 

F. Rinne, the Leipzig scholar to whom we are indebted not only 
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for long years of investigation into the geology of German salt de- 
posits, but also for his researches, holds the periodicity of the pro- 
cesses, of deformation, in the sense of the law of the time relation 
of orogenesis, as valid for the non-saline rock and considers it natural 
that plastic masses intercalated in those rocks should participate in 
temporary processes of folding and should hasten ahead of the ad- 
jacent formations. At the same time, according to him, the salt 
stocks can be brought into upward movement by the weight of the 
overlying beds. The fact of.the covering of the salt by transgressive 
series, and in fact by the same series that appear transgressively 
quite generally in the Saxon terrane, finds an explanation in the fact 
that such series barred the way to the uprising of the salt in shat- 
tered territory, as the result of the weight of the overlying beds. 
But as the deformation in the adjacent formations, which are cut off 
equally by the transgressive series, is older than the transgression, 
the much more pertinent assumption is that the salt had experienced 
upward movement before the transgression, together with the ad- 
jacent formations; that is, that the transgression series was laid 
down on the salt, and not conversely that the salt was gradually 
pushed up to the transgressive series. Rinne asserts especially that 
mountain-building, salt upthrust, and.magma intrusion lead back 
to a single fundamental motive force, gravity. But does not the 
unity of this motive force remain protected if salt upthrust and in- 
trusion of magma are brought into connection with the phenomena 
of folding? for this also in the last analysis finds its cause in gravity. 
The salt upthrust in this sense, is not an immediate but an indirect 
effect of gravity, for the tectonic forces active in the earth’s crust 
arise first of all from gravity, and these forces cause the salt to move 
upward. 

In Arrhenius’ hypothesis, the upthrust of the salt as a result of 
its lesser specific gravity depends on the direct effect of the gravi- 
tative field. But in this case the comparison with magmatic up- 
thrust fails; the uprising masses of magma in many cases are heavier 
than those through which they are being forced. If we wish to speak 
of magma upthrust as tectonic here, it is surely only the increased 
mobility which is the cause of the increased movement. There is a 
contradiction in the fact that on one side the upthrust of the salt is 
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compared with the upthrust of magma, and on the other side the up- 
thrust is to be explained through the lesser specific gravity of the’ 
salt. 


CONCLUSION 


If the formation of the German salt anticlines is attributed to 
the same compressive thrust which has affected the beds above and 
below the salt formation, then, if one does not wish to separate 
things which quite evidently and naturally belong together, orogenic 
thrust must be recognized as the cause of the upthrust and of the 
inner change of form of the salt stocks as well. That the salt stocks 
project as folded formations into the middle of block-faulted masses 
of adjacent beds and of the cover, that the salt has therefore been 
more intensively deformed than the adjacent beds, and that, coin- 
cidently with its heightened inner deformation, it has advanced in 
the general deformation far ahead of the non-saline adjacent forma- 
tions, is explained sufficiently by its higher mobility. This is merely 
a special case of general experience that the form to which orogenesis 
leads is principally a function of the mobility of the material in 
question (33). In this sense, the salt stocks illustrate the extreme 
case of inharmonious folding. 

Thus the author conceives the upthrust of the salt less as the 
ejection of an especially light material than as that of an especially 
mobile material. In this sense, there is agreement with the upthrust 
of magma, which in so many cases is heavier than the beds which it 
penetrates. 

Against the explanation of the upthrust of the salt isostatically 
through the weight of the overlying cover, there is the connection 
of the movement of the salt with the periods of Saxon orogenesis. 
The fact that quite exceptionally salt bodies appear once to have 
been moved upward outside of these periods may be explained by 
the fact that the salt, as a rock of very highly increased capacity for 
deformation, reacts to lesser tectonic forces that could effect no 
deformation in the normal rocks. Thus the movement of the salt fills 
a gap between the tectonics of deformation of normal periods, and 
the upward movement of magma which occurs so often outside such 
periods. 


THE UPTHRUST OF SALT MASSES OF GERMANY 163 


LITERATURE 


1. K. Andrée, “Innere oder dussere Ursachen der Deformationen von Salz- 
gesteinen,” Zentralbl. f. Min., 1911, p. 608. 

2. Sy. Arrhenius, ‘“‘Zur Physik der Salzlagerstatten,” Meddelanden fran k. 
Vetenskabsakademiens Nobelinstitut, II (1912), No. 20. 
and R. Lachmann, “Die phys.-chem. Bedingungen bei der 
Bildung der Salzlager und ihre Anwendung auf geologische Probleme,” Geol. 
Rundschau, II (1912), 139. 

4. F. Beyschlag, ‘Das Salzvorkommen von Hohensalza. ” Jahrb. d. Preuss. 
Geol. Landesanstalt, XXXIV (1933), Part II. 

5. Beyschlag-Everding, Zur Geologie der deutschen Zechsteinsalze, Fest- 
schrift zum X. Allgemeinen Bergmannstage in Eisenach, 1907. 

6. F. Fulda, “Die Oberflachengestaltung in der Umgebung des Kyffhausers 
als Folge der Auslaugung der Zechsteinsalze,”’ Zeitschr. f. prakt. Geol., 1909, p. 25. 

7. J. K. Gripp, “Steigt das Steinsalz von Liineburg, Langenfelde und Sege- 
berg episodisch oder kontinuierlich?” 13. Jahresber. Niedersédchsischer Geologi- 
scher Verein, 1920, pp. 11 ff. 

8. E. Harbort, “Zur Geologie der nordhannoverschen Salzhorste,’’ Monats- 
ber. d. deutsch. geol. Ges., LXII (1910), 326. 

Q. , Richard Tachinanis “Salzgeschwiire,” ibid., LXIII (1911), oe 

Io. , “Zur Frage der Aufpressungsvorgange a des Alters der nord- 
westdeutschen Salzvorkommen,” Kali, 1913, Heft 5, p. 112. 

11. A. v. Koenen, “Uber Wirkungen des Gebirgsdruckes in tiefen Salzberg- 
werken,” Ber. d. k. Ges. d. Wiss. zu Gotting., Math.-phys. Klasse, 1905, p. 1. 

12. R. Lachmann, “Studien tiber den Bau von Salzmassen,” Kali, 1910, 
Heft 0, p. 188. 

Tae , “Uber autoplaste (nichttektonische) Formelemente im Bau 
der Salzgesteine Norddeutschlands,” Monatsber. d. deutsch. geol. Ges., LXII 


(1910), 113. 

















, “Salinare Spalteneruptionen gegen Ekzemtheorie,” zbid., p. 597. 


14. 

15. ———, “Der Salzauftrieb,” Vol. I, Halle, r9r1; Vol. II, 1912. 

16. ———, “Studien iiber den Bau von Salzmassen,” Kali, 1912, Heft 14- 
17. 

17. ———, “Uber den heutigen Stand der Ekzemfrage,” Kali, 1913, Heft 7, 
p. 161. 

18. , “Ekzeme und Tektonik.” Zentralbl. f. Min. usw., 1917, p. 414. 





19. L. Milch, “Uber Zunahme der Plastizitat bei Kristallen durch Erhohung 
der Temperatur,” NV. Jahrb. f. Min., I (1909), 60. 

20. F. Rinne, ‘“Plastische Umformung von Steinsalz und Sylvin unter all- 
seitigem Druck,” NV. Jahrb. f. Min., I (1904), 114. 

Pllc. , Uber die Umformung von Carnallit unter allseitigem Druck im 
Vergleich mit Steinsalz, Sylvin und Kalkspat,” v. Koenen-Festschrift, 1907, 


p. 369. 





164 HANS STILLE 


22. F. Rinne, ‘““Metamorphosen an Salzen und Silikatgesteinen,” Sitzungsber. 
d. Sichs. Ges. d. Wissenschaften (Leipzig), Vol. LXVI (1914). 

oan , ‘Die geothermischen Metamorphosen und die Dislokationen 
der deutschen Kalisalzlagerstatten,” Fortschritte d. Mineralogie, etc., (Jena 
1920), VI, ror ff. 

24. , “Physikal. Bemerkungen zur Tektonik der Erdbaumassen,”’ 
Norsk Geologisk Tidsskrift, VII (1922), 143 ff. 

25. E. Seidl, ‘Die permische Salzlagerstitte im Graf-Moltke-Schacht 
usw.,” Archiv fiir Lagerstattenforschung, 1914, Heft ro. 

26. , “Beitrige zur Morphologie und Genesis der permischen Salz- 
lagerstatten Mitteldeutschlands,” Zeztschr. d. deutsch. Geol. Ges. LXV (1913), 
124 ff. 

27. H. Stille, ‘Das Aufsteigen des Salzgebirges,”’ Zeitschr. f. prakt. Geologie, 
XIX (1011), or. 

28. , ‘Uber Faltungserscheinungen im Hannoverschen Salzgebirge,”’ 
4. Jahresber. des Niedersichs. geolog. Verein (Hannover), 1911, pp. 192 ff. 

‘29. —————, “Der Untergrund der Liineburger Heide und die Verteilung 
ihrer Salzvorkommen,” ibid., pp. 225 ff. 

30. , “Die Faltung des deutschen Bodens und des Salzgebirges,”’ 
ISG, Wor, IBEME HO, joy Sars Isla WO, BOs 

Air , “Injektivfaltung und damit zusammenhangende Erscheinung- 
en,” Geol. Rundschau, VIII (1917), 89. 


























Bee , “Die saxonische Faltung,”’ Monatsber. d. deutsch. Geol. Ges., 
LXV (1913), 575. _ 
BQ, = , “Uber Hauptformen der Orogenese und ihre Verkniipfung,” 


Ber. d. Ges. d. Wissensch. zu Gottingen, Math.-phys. K1., 1918, p. 362. 

34. , ‘Normaltektonik, Salztektonik und Vulkanismus,” Zeztschr. 
Deutsche Geol. Gesellsch., LXXIV (1922), 74; Monatsber., pp. 215 ff. 

35. , “Ubersichtskarte der Saxonischen Gebirgsbildung zwischen 
Vogelsberg-Rhén und Norddeutscher Tiefebene,’ Masstab 1:250,000. Berlin 
Geolog. Landesanstalt, 1922. 








DISCUSSION 


D. C. Barton: Stille’s views have been severely questioned recently by 
Franz Schuht in the three papers in Kali. The following is a digest of a rather 
detailed review by Brinkmeier of the papers.? 

Schuh discusses the two fundamental theories of mountain-building, con- 
traction, and isostasy, and, accepting the latter, is enabled to regard compression 
and tension as co-ordinate, while advocates of the contraction theory have to 
regard tension and uplift as subordinate to compression. In a critical discussion 


« “Beitrag zur Tektonik unserer Salzstécke,”’ Kali, Heft 1; “Die saxonische Ge- 
birgsbildung,” I, II, Kali, Heft 8; “Salztektonik,” Kali, Heft 17, 18. 


2 Zeitschrift fiir angewandte Geophysik, I (1923), Heft 3, pp. 86-80. 
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of Stille’s views of the later Mesozoic (Saxon) mountain-building in Germany, 
he attempts to show that at the beginning of the folding in the Cimmerian peri- 
od,” a tectonic frame (Rahmen) in Stille’s sense was not present, and, rejecting 
Stille’s “injective folding,” advocates the view that the Cimmerian and early 
Senonian folding belongs in two completely different dynamic periods; i.e., that 
the first indicates a period of tangential tension, and that the second indicates 
a period of tangential compression in a southwest-northeast direction; that is, 
in contrast to Stille’s belief in “fault-folding” repeated in every tectonic period, 
he regards the separation of the faulting from the folding as necessary and 
possible. 

The essence of the author’s views, in regard to salt dome tectonics, is that 
the salt stocks correspond genetically to the graben of normal tectonics; that 
the areas of depression (Senkungsfeld) on either side of the salt stock correspond 
to horsts which remained standing, and between which the graben sank, and 
that salt stocks, as well as grabens, go back in their origin to tension faults. On 
the ground of these assertions, for which no real evidence is brought forward, 
the views of Stille in regard to the special connection of horsts, normal anti- 
clines, and anticlinal swells (Breitsdttel) on the one side, and shallow synclines 
(Breitmulde), synclines, and grabens on the other, are regarded as erroneous. 
Stille’s explanation of the formation of these various structures from the char- 
acter of the deep-lying Variscan basement is rejected as resting on mechanically 
impossible conceptions, while the effect of the massive cover is recognized only 
in Harbort’s and Seidl’s sense. The conception of the Cimmerian period as a 
period of tangential tension is combined in the explanation of the upward move- 
ment of the salt forces. 

After contrasting the opposing views of Lachmann, Stille, and Harbort, 
Schuh accepts Harbort’s conceptions, as expressed by Seidl in his ‘“‘Notes on the 
Theory of Genesis of the Permian Salt Deposits in Middle Germany”’: i.e., that 
the upward flowage of the salt masses is brought about originally by tectonic 
causes, and takes place along zones of dislocation, and that the concomitant 
squeezing out of the salt under the flat-lying blocks on either side results in a 
sinking of the center of each block and a tilting up of its edges. On the assump- 
tions (1) that the salt formation is overlain by a massive cover several kilo- 
meters thick; (2) that after a period of faulting following tangential tension 
there follows a longer period of relative tectonic quiet, and then a period of tan- 
gential compression in a northeasterly direction; and (3) that the cover yields 
easily, but does not fracture, he attempts to show experimentally that such 
special features arise as gentle archings between the fracture zones, move- 
ment of the plastic material (salt) to the fracture zones, rupturing of the less 
plastic beds, piercing and upward bending of the edges of the cover. 

The type of the form of the salt stock, according to Schuh, depends on the 
varying types of combination of fracture systems, i.e., he predicates “intersec- 
tion of fractures” in contrast to Stille’s ‘intersection of axes” and ‘‘axial nodes.”’ 
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The tangential compression in the later periods, he believes, causes a decrease 
in the width of the salt stock and forces it up, and causes the formation of an 
anticline in the prolongation of the salt stock, if the fracture through which the 
salt has risen is perpendicular to the direction of thrust. If, however, the frac- 
ture runs parallel to the direction of thrust, this late tangential compression 
causes the broadening and cross-folding of the salt stock and the formation of a 
broad arch. 

On the basis of the published data, he discusses the tectonics of many of the 
German salt domes, and, according to the reviewer, rather tries to bend the 
published descriptions of the structure to his previously conceived theories in a 
way that would probably not be acceptable to most of the respective authors. 
Although known in a few cases, the tectonics of the basement underlying the 
salt deposit remains unconsidered by Schuh. 

Brinkmeier’s verdict regarding the paper is that Schuh fails to prove his 
point, and instead of presenting definite evidence, reiterates mere assertions. 
He believes, however, that even if it is not possible to agree with the author’s 
arguments, yet that they may present suggestive points of view for future work. 


THE AMERICAN SALT-DOME PROBLEMS IN THE LIGHT 
OF THE ROUMANIAN AND GERMAN SALT DOMES 


DONALD C. BARTON 
Rycade Oil Corporation, Houston, Texas 


ABSTRACT 


The American salt-dome problems are divisible into two parallel series, the one 
comprising problems of description, the other problems of theory. The solution of the 
latter are of necessity dependent upon solution of the former. The American salt domes 
consist of subcircular stocklike masses of salt, capped in most cases by limestone and 
gypsum-anhydrite, intruded into and surrounded by Pleistocene-Eocene or Eocene- 
Cretaceous sediments which dip quaquaversally away from the salt core. The domes 
show certain tendencies to alignment. They occur in regions of geologic quiescence 
where there has been no compressive folding. 

The Roumanian salt domes are divisible into two groups, the Carpathian—Sub- 
Carpathian, and the Transylvanian. The Carpathian—Sub-Carpathian domes consist of 
narrow, elongated, vertical intrusions of the Salifere salt, clays, and marls along anti- 
clinal axes and into a thick series of Pliocene and Miocene sediments. The domes occur 
on the edge of, and immediately in front of, the Carpathian sheet overthrust and are 
aligned along structural, mostly anticlinal, axes which reflect the effect of the Car- 
pathian tectonics. If the difference in the structural setting is allowed for, the Rou- 
manian domes closely resemble those in America. Their origin has usually been attrib- 
uted to some phase of the tangential thrust of the Carpathian mountain-building forces. 
Krejci recently has raised strong objection to that theory, and has advanced a tectonic- 
isostatic theory according to which tectonic thrust is responsible for the localization 
and initiation of their formation, but the weight of the overlying sediments is responsible 
for the upthrust of the Salifere core. The Transylvanian domes occur in the Plio-Mio- 
cene Transylvanian basin. Although only poorly known, they seem to be very similar 
in form to the American domes. They are aligned on anticlinal axes which are sub- 
parallel to the periphery of the basin. 

The German salt domes are a phase of the German salt deposits, which are a defi- 
nitely sedimentary series with a well-defined, persistent, and characteristic section. 
One of the middle members carries marine fossils, and two members are potash bearing. 
On account of the extensive mining and exploration for this potash, and on account of 
the recognizable section in the salt series, the structural deformation of the salt deposits 
has been worked out in great detail. On the basis of form and structure of the salt 
deposits there is a complete gradation in type and in space from undeformed sedimen- 
tary beds through broad anticlines with slightly swollen cores of salt (Strassfurt type), 
sharp anticlines where the salt core is starting to pierce the cover (Asse type), to broken 
anticlines in which the salt core has been squeezed up between the two flanks (Leine 
type), or to salt stocks (Hannoverian type) in which a pluglike mass of salt has been in- 
truded for thousands of meters vertically into the overlying sediments. There seemingly 
can be no dispute that the German salt domes and salt ridges are the result of the 
plastic deformation and flow of a sedimentary salt series. The salt domes and ridges 
are aligned along Rhenish and Hercynian anticlinal axes. Many of the domes seem to be 
at the intersection of axes. The upthrust of the salt cores is attributed to tectonic 
thrust by Stille, who presents substantial evidence for such a theory. Lachman, 
Arrhenius, Seidl, and others argue less conclusively for an isostatic upthrust. 

In view of the evidence of the Roumanian and German salt domes, in addition to 
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what is known about the American domes, it would seem unreasonable to believe that 
the American salt domes are not the result of the plastic deformation and upthrust of a 
sedimentary salt series. 


INTRODUCTION 


The purpose of this paper is briefly to review the more salient 
features of the present-day knowledge of the German and the 
Roumanian salt domes, in order to point out the lessons which that 
knowledge may offer in regard to the problems of our American salt 
domes. This paper follows the line of earlier papers by Rogers and 
Van der Gracht. Since the time of those papers there has been a very 
great addition to literature available in regard to the German salt 
domes. The data on the German, Roumanian, and Transylvanian 
domes were obtained from a brief visit to the German and Rou- 
manian domes, from oral discussions with Stille, Mrazec, B6ckh, and 
Papp, and from papers listed in the bibliography at the end of this 
paper. A list of the published sheets of the German Geological Survey, 
on which salt domes occur, is also appended. 


THE AMERICAN SALT DOMES 


The American salt domes consist of pluglike masses of very pure 
rock salt, capped in most cases by limestone, gypsum, and anhydrite. 
These plugs occur in and cut through the unconsolidated sands and 
clays of the Pleistocene, Pliocene, Miocene, Oligocene, and Eocene 
in one case, and Eocene and Cretaceous in the other, and they are 
surrounded by beds dipping quaquaversally away from the salt 
core, 

The salt core is very nearly circular in plan, has a relatively flat 
top, and very steeply sloping sides. In general, it tends to conform 
in profile to one of the three types shown in Figure 1. In only a very 
few cases does the salt overhang at all, and in those cases only 
slightly. The salt cores range in diameter from 4} mile to 2 miles 
(x to 33 km.), and the depth to the top of the salt ranges from 15 
feet to more than 2,000 feet (3 to 600+m.). The salt is known from 
three mines and various cores from wells. It is uniformly clear and 
granular, colorless, and very pure NaCl, except in faintly dark bands 
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which are reported to contain scattered small crystals of anhydrite. 
Potash is known only in a single core from a depth of 4,800 feet in 
the Rycade Oil Corporation Gray No. 1 at Markham. The potash 
is present chiefly as sylvite. The salt of this core also contains 
algae. 

The cap rock consists of a disklike mass of rock resting on the 
salt table, in a few cases extending slightly down the flanks of the 
salt core, and possibly in a few cases wedging out into the flank sedi- 
ments. The cap rock in most cases consists of uniform, even- 
grained, rather homogeneous anhydrite or of well-crystallized 





Fic. 1.—Three main types of profiles of American salt domes. A =Pine Prairie, 
B=New Iberia, C= Vinton. 


selenite with cleavage faces some centimeters or even decimeters 
in diameter. The gypsum has apparently resulted from the altera- 
tion of the anhydrite. The cap in many cases is partly composed of 
limestone or dolomitic limestone, The limestone tends to cap the an- 
hydrite-gypsum cap, but in some cases is reported to be found within 
the main body of the anhydrite-gypsum mass. Some of the Louisi- 
ana domes have a thick cap composed chiefly of limestone. The cap 
ranges in thickness up to 1,000 feet (300 m.). Many of the domes, as, 
for example, many of those in central southern Louisiana, have no 
cap rock at all; the Sulphur, Louisiana, dome, at the other extreme, 
has a cap slightly over 1,000 feet thick. The cap rock averages, on 
the whole, around 300 to 400 feet (100 m.) in thickness. Native 
sulphur is found to some extent as a secondary constituent of the 
cap rock of many domes and, in a few cases, in very considerable 
quantities. 
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The American salt domes are found in every case to cut across 
unconsolidated, or only slightly consolidated, sedimentary forma- 
tions. They occur in three groups: a coastal group, all of which lie 
within 150 miles (250 km.) of the coast, a group in northern Louisi- 
ana, and a group in central east Texas. The coastal group of domes 
occurs in a region where the unconsolidated sands and clays of the 
Tertiary are over 6,000 feet (2,000 m.) thick, and these domes are 
known to cut formations of all periods from the Claiborne (Eocene) 
to Recent. Beds earlier than Claiborne in age have not been identi- 
fied as yet in the wells on and around these domes. The two interior 
groups of domes occur in regions of Upper Cretaceous and of Eocene 
formations, and the salt domes cut Cretaceous and Eocene forma- 
tions. . 

All the American salt domes occur in regions of geologic quie- 
scence, where the beds have not been subjected to lateral folding 
movements and show only regional dip or gentle warping. Around 
the salt domes, however, there is marked deformation of the beds. 
At many of the interior domes, such as West Point and Keechi, 
the beds exposed at the surface can be seen dipping steeply away 
from the center of the dome, and beds whose normal stratigraphic 
level is several thousand feet below the surface have been brought 
to the surface. Wherever it has been possible to draw subsurface 
cross-sections across the coastal domes, the same marked dips 
away from the salt core have been revealed. On the deeper beds 
at Damon Mound the dip amounts to around 45 degrees, even out 
as far as half a mile from the edge of the salt. The dips around 
many dome seem to be much gentler than at Damon Mound. The 
upper beds may extend clear across above the top of the salt, and 
in that case show only gentle warping. With increasing depth, the 
dip of the beds becomes increasingly greater. According to the 
subsurface work of the geologists of the Shreveport office of the 
Amerada Petroleum Corporation, the presence of salt domes with 
marked uplift of surrounding beds is not shown in the regional- 
structure contour maps of northern Louisiana. 

The areal arrangement of the Gulf salt domes is shown in Plate 
2. The interior Texas domes lie either on an elliptic arc or on a 
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faintly curved line parallel to the Balcones fault and on a crossline. 
The interior Louisiana domes do not fall distinctly on any lines. Of 
the coastal group of domes, those in southeast Texas show a general 
tendency to fall on lines trending NNE.-SSW. and bending slightly 
SW. toward their southern extremities. There is also a suggestion 
of NW.-SE. crosslines, but very possibly the alignment of the domes 
along these lines is entirely accidental. The five domes in south 
Texas lie on a NNW.-SSE. line. In southern Louisiana the align- 
ment is much more obvious; the Five Islands form a well-marked 
line, convex toward the southwest, and striking NW.-SE.; Anse la 
Butte and New Iberia are on a parallel line; there is also the well- 
marked E.—W. line on which fall five salt domes and two oil fields 
not known to be salt domes. 

The problems of the American salt domes, as the writer sees 
them, are listed in Table I. Although seemingly somewhat ex- 
haustive, the list is far from complete. Detailed attention to an 
analysis of each of the problems will in most cases reveal a very 
considerable number of subordinate problems or phases of the main 
problem which have not been listed. A dual division of the problems 
has been made into what can be called (a) problems of description 
and (6) problems of theory. The “problems of description” deal 
essentially with questions of fact in regard to the actual physical 
makeup of the American salt domes—questions which can be solved 
by observation and description. The ‘‘problems of theory” deal 
with the questions of interpretation of these facts to the end that 
we may explain the method of formation of such actual physical 
structures as we find the American salt domes to be. 

The problems of theory are of necessity dependent upon the 
solution of the respective problems of description. Series of alterna- 
tive hypotheses can be advanced a priori, but the probability of the 
various theories can be evaluated only with the solution of the 
problems of description. A very large part of the discussions by 
American geologists of those problems of theory is invalidated 
because of the fact that the discussions were based on inadequate 
solution of those problems of description, or upon an inadequate 
grasp of what was known in regard to the solution of those problems. 
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TABLE I 


OUTLINE OF AMERICAN SALT-DOME PROBLEMS 


Problems of Decription 
A. Physiography 
I. Descriptive classification of 
salt-dome mounds 
II. Relation of surface to sub- 
surface 
III. Relation of mounds to phys- 
iography of surrounding re- 
gion 
B. Structure of salt dome—descrip- 
tive classification of salt domes in 
regard to: 
I. Salt core 
a) Form of salt mass 
(1) Top 
(2) Flanks 
(3) Bottom 
b) Composition and petro- 
graphy of salt mass 
c) Structure of salt mass 
II. Cap 
a) Composition of the cap 
b) Petrography of the cap 
c) Paragenetic relations of 
the different members of 
the cap 
d) Form of cap 
(1) Position and relation 
to salt core 
(2) Position and relation 
to _ super-salt-sedi- 
ments 
(3) Position and relation 
to flank beds 
e) Structure of cap 


III. Surrounding sediments 
a) Supersalt beds 
(1) Structure 
(2) Petrography 


Problems of Theory 
I. Cause of the deformation result- 
ing in the formation of salt-dome 
mounds 
a) of simple, convex mounds 
b) Of secondary and subsidiary 
mounds 
c) Of central depressions 
II. Age of the salt-dome mounds 
I. Source of the salt 
II. Method of mise-en-place 
III. Mechanics of mise-en-place 
IV. Age of the salt 


I. Origin of the cap 
a) Anhydrite-gypsum 
(1) Source of the anhydrite- 
gypsum 
(2) Reactions and conditions 
resulting in deposition of 
CaSo,+2 H,O or in altera- 
tion of limestone to Ca 
So,+2H,0, if the anhy- 
drite-gypsum is secondary 
b) Limestone 
(1) Source of the limestone 
(2) Reaction and conditions 
resulting in its deposition, 
if it is secondary 
c) Sulphur 
(1) Source of sulphur 
(2) Reactions resulting in its 
deposition 
II. Age of the cap (especially in 
reference to age of salt and of 
salt dome) 
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TABLE I—Continued 


Problems of Description 
(3) Stratigraphy 
(4) Age 
b) Flank beds 
(1) Stratigraphic section 
(a) Normal section 
away from salt 
domes 
(6) Section near 
dome 
(2) Structure of flanks 
(a) General 
(6) Faults 
(c) Unconformities 
(d) Relation of flank 
beds to salt core 
(3) Petrography 
(a) Near the salt 
(6) Out from the 
salt 
c) Surface 
(x) Variation of ratio 
sand to clay on and 
off salt dome 
(2) Variation in SO,, Cl, 
CaCO,,and sulphides 
in soils on and off 
salt domes 


C. Regional relations of the salt 


domes 


hi 


Il. 
III. 


ive 


Tectonic-orographic frame- 
work of the general region in 
which the salt domes occur 
Alignment of the salt domes 
Relation of salt-dome lines 
to the tectonic-orographic 
frame in which they occur 
Relation type of dome to 
position, in the tectonic- 
orographic frame and to 
thickness and character of 
setting 


III. 


Tl 


Jat, 


III. 


V. 


MM, 


Problems of Theory 
Relation, if any, of the cap to the 
Oligocene limestone 
Cause of thinning of section and 
of thinning of some beds above 
the salt 
Historical geology of salt domes 
a) At the beginning of upthrust 
b) Periods of maximum move- 
ments vs. periods of relative 
quiescence 
c) End of the movement 
d) Amount of upthrust that took 
place in each period 
Reason for predominance (?) of 
sand near salt core 


. Reason for calcareous (?) cemen- 


tation of sands near salt core 
Cause of any such variation (if 
any) in ratio sand to clay 


. Cause of any such variation (if 


any meio OO CacOswand 
sulphides 


. Regional forces and conditions 


which result in salt-dome activity 
Localization of salt domes 
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TABLE I—Continued 


Problems of Description 


D. Salt-dome waters 


Ve 


TH 


Composition and concentra- 
tion in reference to depth 
and stratigraphic horizon, 


for normal Gulf Coast 
waters 
Variation of  salt-dome 
waters 


a) With proximity to dome 
b) With depth 
c) In cap 


E. Mineralogy of the salt domes 


F. Salt-dome geothermal 


tempera- 


tures and gradients 


Hi, 
ili 


Variation with depth 
Variation in relation to oil- 
and-water relations 


. Variation with proximity to 


dome 


. Areal variation around dome 
. Variation with regard to age 


of oil field 


G. Petroleum and natural gas 


I. 
Il. 
III. 


. Regional occurrence of oil 
. Regional 


VIII. 


XS 


Descriptive classification of 
kinds of oil on Gulf Coast 
Composition of various oils 
Modes of occurrence 


occurrence of 
natural gas 


. Stratigraphic relations of 


natural gas 


. Stratigraphic relations of 


oil 

Variation of character and 

gravity with depth, strati- 

graphic horizon, and dome 

Oil-production figures 

a) Total production per 
dome 


Problems of Theory 
I. Cause of any variation 


a) Source of materials in solution 


b) Reactions 
I. Source of the materials 


Il. Reactions resulting in the forma- 


tion of the minerals 


I. Cause of high temperature and 


gradient in cap rock 


. II. Cause of low gradient in flank 


III. Cause of areal variation of 
gradient 
IV. Cause of high temperature (if so) 


of water than of oil 


I. Source of sources of the oil 
II. Mise-en-place of the oil 


tion of the oil on some domes 
. Age of oil and of oil deposits 


V. Why are some domes productive, 


others barren? 


. Reason for extreme differentia- 
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TABLE I—Continued 


Problems of Description 

b) Per acreage production 
per dome 

¢) Productivity in relation 
to horizon 

d) Productivity of individ- 
ual wells 

e) Productivity with differ- 
ent types of spacing 


H. Volcanic theory of origin of salt 


dome 
Ife 


II. 


II. 


Evidences of volcanism in 
Gulf Coast 

Evidences of solfataric ac- 
tion in Gulf Coast 
Association of any such 
evidence of volcanism or 
solfataric action with salt 
domes of Gulf Coast 


I. Ascending brine or gas theories of 
the origin of salt domes 


Ji, 


iE 


III. 


IV. 


Evidence of ascending brine 
solutions of any amount in 
salt-dome area 
a) Present brine springs 
b) Evidence of subsurface 
brine circulation of suffi- 
cient amount 
Evidence of amount of gas 
escaping from domes 
Evidence that faulting or 
anything else could imitate 
an upward current of water 
or gas in any considerable 
amount upward through 
many thousand feet of gum- 
bos and sands 
Evidence that any such 
movement of brine or gas 
could maintain itself 


. Evidence (a) that growing 


salt crystals is of order to 


II. 


Te 


Tit: 


Problems of Theory 


. Method by which volcanic activi- 


ty could produce salt domes 
Possible connection in time and 
space of salt-dome activity with 
volcanic activity 


. Method by which a salt deposit 


of the type of the salt domes 
could be formed from ascending 
brine solutions or by escaping gas 
Why would not ascending solu- 
tions be diluted instead of con- 
centrated? 

Why would not deposit be in 
form of a stockwork of salt veins 
ramifying through sediments? 
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TABLE I—Continued 
Problems of Description Problems of Theory 
account for doming; (d) 
evidence of such growth in 
character of salt crystals 


J. Tectonic theories 
I. Evidence of plasticity of 
rock salt sufficient to allow 
flowage 
II. Evidence of movement by 
recrystallization under pres- 


sure 
III. Force of lateral compression I. Would not friction at sides of 
a) Evidence of presence of rising core counterbalance the 
lateral compression in possible lack of density? 


general region 

b) Evidence of association 
of salt domes with such 
lateral compression 

c) Evidence in structure of 
salt dome of lateral com- 
pression 

IV. Isostatic forces 

a) Amount of compensation 
around salt domes 

b) Mass of salt core vs. 
mass of surrounding sedi- 


ments 
K. Geophysical relations of salt domes I. Probable reserves of petroleum, 
L. Economic importance of salt sulphur, salt, potash, gypsum 


domes 


The papers of the present symposium in large part deal with the 
problems of description, and offer a wealth of information in regard 
to the American salt domes. But when the broader outlines of this 
wealth have become evident, it will be seen that knowledge of our 
American salt domes is woefully scanty and inadequate. We have 
fairly detailed, but in no way complete, knowledge of the outer form 
of the upper part of the salt core, in the case of a very few domes, 
of the cap, and in the case of the rest, only scattered bits of knowl- 
edge. We have fair information in regard to the structural relations 
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of the sedimentary beds in the more recently discovered oil fields, 
and some knowledge concerning the structure of the upper beds in 
the interior groups of domes. But we have very scanty information 
in regard to the salt core, which, indeed, is the core of the problem. 
In the absence of adequate solution of the problems of description 
of the salt core, we shall be unable to come to any decision between 
the possible a priori solutions of the problems of theory. In virtue 
of the large potash mines, and of the extensive exploration for 
potash in Germany, the German geologists have been able to come 
to a far more adequate solution of the problems of description and 
theory than we have in the case of any of the problems concerning 
our American domes, and they also have been able to come to as 
adequate a solution of the problems of sedimentary structure as 
have we. The solution of the problems of description of the Rou- 
manian domes has not gone as far on the whole as in the case of the 
American domes, but as conditions in the two areas are different, 
the fragmentary knowledge obtained from Roumanian sources helps 
to throw light on the solution of the problems of the American 
domes. 
ROUMANIAN SALT DOMES 

In Roumania salt domes occur (a) in the outer edge of the bow 
of the Carpathian Mountains and in the adjacent Sub-Carpathian 
zone, and (6) in the Transylvanian basin. 


CARPATHIAN AND SUB-CARPATHIAN SALT DOMES 


The broad features of the geology of the region in which the 
first group of salt domes occur are as follows: The Carpathian 
Mountain system, bending in a sweeping arc from Galicia southward 
into the center of Roumania and then westward, is composed of 
(a) an “island” of crystalline rocks at the northern end of the 
system, (b) an “island” of crystalline rocks composing the western 
third of the Roumanian Carpathians, and (c) the Flysch, Early 
Tertiary, zone (Fig. 2). The Carpathians are composed of folds, in 
many cases broken or overturned, and of gigantic overthrusts in 
which the active thrust has been outward. 

From the Galician border southward, and then westward as far 
as the valley of Dambovitza River, the outer edge of the Carpathian 
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Mountain zone is bordered by the Sub-Carpathian Miocene zone. 
This zone is divisible into three subzones: (1) a northern Moldavian 
subzone, which is composed of open folds and separated by a fault 
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Fic. 2.—Geologic sketch map of Roumania showing the location of the Tran- 
sylvanian, Carpathian, and Sub-Carpathian salt domes—after Mrazec, Papp, and 
Bockh. 


from the Moldavian Plateau to the east; (2) a southern Moldavian 
zone extending as far south as the valley of Slanic River. This zone 
is characterized by crowded folds and is bordered by Sarmatic, 
Meotic, Pontic, and Levantinic, whose beds, thrown back at the 
contact with the Miocene, drop slowly to the Roumanian plain; 
and (3) the southern Carpathian subzone, extending from Slanic 
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River to Dambovitza River, and presenting a very complex struc- 
ture. At the elbow of the Carpathian arc a bundle of folds diverge 
from the Carpathian curve and plunge to the southwest. The folds 
in the Miocene beds dip under Pliocene, which shows conformable 
but lesser folding, dying away to the southwest. An important 
structural feature of this zone is the Bay of Slanic, a tectonic bay 
of Miocene rocks extending back into the zone of the Flysch. This 
subzone is bordered by the Roumanian plain. 

The salt domes of the first group are found indiscriminately in 
the second and third Sub-Carpathian zones, in the adjacent portion 
of the zone of the Flysch, and in addition, in two isolated domes 
west of Dambovitza River. In the second Sub-Carpathian subzone 
and the adjacent portion of the zone of the Flysch the salt domes are 
about equally distributed between the two zones and the distribu- 
tion of the domes does not seem to show conformity in plan to the 
contact between the zones, unless possibly there is a tendency for 
domes of the zone of the Flysch to occur just within the outer margin 
of the zone. In the third Sub-Carpathian zone and adjacent portion 
of the zone of the Flysch the salt domes occur in the Sub-Carpathian 
zone but not in the zone of the Flysch. It is a notable fact that there 
are a great number of salt domes in the Miocene Bay of Slanic, and 
off the outer side of the Spur of Valeni, which is the Flysch tectonic 
peninsula inclosing the Bay of Slanic, but none on the spur itself. 
The number of the known salt domes in this first group of domes, 
according to Voitesti, is now well over seventy-five. 

The salt domes are large, lenticular massifs of granular crystal- 
line salt of a high degree of purity. The stratification of the salt is 
marked by alternating dark and light beds and by rare beds of 
argillaceous material, which in some cases contain the more-or-less 
carbonized débris of tree trunks. The salt, even including the 
“black” salt, has a NaCl content of 98.0-99.5 per cent. 

The salt is merely part of the peculiar type of fold called by | 
Mrazec “diapir” fold, or by Krejci “piercement” folds (Durch- 
spiessungsfalten) and “outbreaks” (Aufbriiche). The characteristic 
feature of a diapir fold, according to Mrazec’s definition, is that the 
beds of the core tend to pierce the overlying beds of the arch, and 
although laid down conformably, the beds of the core dip more 
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steeply than the beds of the flank or roof. The piercement fold is 
the characteristic diapir fold in its earlier stages; the outbreak, in 
the later, extreme phase in which plastic, mobile sediments of the 
core have been intruded, mostly vertically, into the overlying sedi- 


TABLE II 


STRATIGRAPHIC SECTION IN THE SUB-CARPATHIAN ZONE (AFTER KREJCI) 





















































Age Lithologic Character Type of Deposits 
Quaternary Alluvium Fluviatile and 
terrestrial 
Levantic Cross-bedded sand and gravel | Fluviatile and 
and marl littoral 
Dacic Marls and sands Littoral 
Upper Sand Brackish water 
a Fonte Middle and | Marl 
S Lower 
Ss Fresh-water | Sand and sandstone. Marl, | Littoral 
Meotic sand, and calcareous sand- 
Meotic stone, petroliferous 
Dosinia Marl and calcareous sandstone, | Brackish water 
horizon petroliferous 
Upper Missing Terrestrial 
Garnate Middle Limestone, calcareous  sand- | Littoral 
stone, sand, and marl 
oO 
3 ari Sete 
3 Lower Marl and calcareous sandstone | Brackish water 
a 
Vindobonic Marl, sandstone, dacite tuff Marine 
Burdigalic 5 Sand, marl, and conglomerate | Marine 
& e Aquitanic os Clay, marl, gypsum, salt, and | Marine 
3 2 petroleum 





ments. The core in both the piercement folds and the outbreaks is 
composed predominantly of the marls of the Salifere (see Table II) 
and subordinately of salt, gypsum, sand, and sandstone. The salt 
seems to form the backbone of the outbreaks and apparently is 
present in relatively greater amount in the small outbreaks which 
come from great depth than the broader, more gentle ones coming 
from lesser depths. 
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The exact form of the diapir folds in 
Roumania is not well described in the litera- 
ture. It is said by Krejci to be that of an 
ethmolith. In plan it seems to be a flattened 
ellipse, in some cases slightly crescent-shaped, 
with the convex side indifferently to the north 
or south. The outline of the Baicoi dome is a 
flattened ellipse several kilometers long and 
slightly over half a kilometer wide. The Ocnele- 
Mari dome is slightly more than 3 kilometers 
long by } kilometer wide. In cross-section the 
core rises vertically from depths of 2,000 meters 
with relatively little change in width, tends in 
outline to approximate a logarithmic spiral, and 
in its upper part is overturned, predominately 
to the south, but at Gura-Ocnitzei and Baicoi 
toward the west and south, at Moreni toward 
both north and south, and at Floresti toward 
the north. Cross-sections of the Baicoi and the 
Moreni domes are given in Figures 3 and 4. If 
an outbreak does not reach to the surface it 
may be reflected in the surface beds by a nor- 
mal structural dome. 

Cap rock similar to the cap rock of the 
American and the German salt domes is not 
present. A thick mantle of tectonic breccia is 
described by Voitesti as characterizing the 
domes in the zone of the Flysch. The breccia 
is composed of large or small angular and 
rounded pieces of limestone, sandstone, marl, 
shale, crystalline schist, and eruptive rocks, in 
a matrix of argillaceous material. The tectonic 
character of most of the breccias is severely 
questioned by Krejci, who interprets them as 
surface formations. 

The source of the salt is most commonly 
held by Roumanian geologists to be salt forma- 
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Fic. 3.—East-west 
series of north-south sec- 
tions across the Baicoi 
dome. After Mrazec. 


d=Diluvium, 

L=Levantic (gravels, 
sands, and shaly sands) 
(landesti bed) 

D=Dacian (Vivipara bifarci- 
nala beds) (sands and 
marls) 

P =Pontian (shaly marls and, 
in places, sand) 

S=Salifere Miocene, gray 
marls and sandstones 
over a main salt core 
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tions in the Eocene-Oligocene or in the Miocene. As the salt cores 
in the zone of the Flysch cut all formations of the Flysch geosyn- 
cline, and in the sub-Carpathian zone formations from Jurassic to 
Quaternary, Voitesti believes that the salt is definitely older than 
Triassic and has formulated the theory that it is a pre-Cambrian 
chemical precipitate. On account of the overthrusting, however, it 
is not safe to predicate that the salt is older than all formations it 
pierces. 





Fic. 4.—Section across the Moreni dome. After Voitesti. Q=Quaternary, L= 
Levantic, D=Dacic, P=Pontic, M =Meotic, S=Salifere. 


On the flanks, the Meotic and Pontic either are present in narrow 
bands, steeply uplifted, or have been cut off in great depth against 
the thrust surface of the core, and the Dacic, or even the Levantic, 
lie directly against the Salifere. Commonly on the south flank the 
Meotic, Pontic, and Dacic, and in some cases the Levantic, are 
overturned toward the south. 

The age of the uplift of the domes is Sarmatic to Levantic, 
according to Krejci. The uplift began in Sarmatic and Meotic 
times. Perhaps by Pontic, and at least by Dacic, times some of the 
outbreaks had been uplifted to such an extent that Dacic beds were 
deposited discordantly across their eroded crests. The main period 
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of uplift began in upper Dacic times, and the Levantic beds were 
laid down transgressively across the steeply dipping beds of the 
older formations. As the Levantic itself is steeply uplifted or over- 
turned in places, the movement continued until after the end of 
Levantic times, but as the diluvial stream terraces do not seem 
to be warped where they cross the outbreaks, the movement seems 
to have died out before Pleistocene times. 

There is a definite tendency toward an alignment of domes along 
structural lines parallel to the front of the Carpathian overthrust 
(Fig. 2), and these structural lines apparently tend to be anticlinal 
axes. A great many salt domes occur within the Bay of Slanic 
which, according to the older interpretation, is a geosyncline, but 
they are on anticlinal lines. 

The theories of origin of the Roumanian domes are mainly two: 
(1) the tectonic theory of Mrazec, which seems to have had rather 
general acceptance among Roumanian geologists until recently; and 
(2) the tectonic-isostatic theory recently advanced by Krejci. 
According to Mrazec a diapir fold represents the first stage of an 
overthrust. The diagrams in Figure 5 show his conception of the 
process: (a) by depression of the foreland a flexure is formed in 
which, as the result of the thrust of the foreland, there begins under- 
thrust of the downthrown block of competent bed, II, against the 
upthrown block, I; (0) as the underthrust progresses, the under- 
stratum, ITI, is caught between I and II, and is forced up and partial- 
ly over II, forming a diapir fold; (c) if the underthrusting is con- 
tinued still farther, the piercing core of the substratum caught 
between I and II will be torn from its roots and will exist as an 
uprooted core or klippe, such as is believed to occur at certain points 
along the line of Tintea-Baicoi-Moreni. The thrust in the case of 
the Roumanian domes is interpreted as a phase of the tangential 
thrust which has caused the overthrusting in the Carpathians. 
Since the American domes are in a region of great geologic tran- 
quility, where there has been no horizontal compressive thrust since 
far back into the geologic past, it is not possible rationally to postu- 
late for the origin of American domes any compressive thrust 
sufficient to cause folding or overthrusting, and the writer long has 
thought that the Roumanian geologists were emphasizing too 
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strongly genetic relationship between the origin of the Roumanian 
domes and the tectonic thrust from the Carpathian mountain- 
building forces. 

Against the tectonic theory Krejci has raised the objections: (a) 
that although the mountain-building movements decreased from 
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Fic. 5.—Diagrammatic explanation of the origin of diapir folds of the Sub-Car- 
pathian type. After Mrazec. 


Sarmatic times on and had died out by Levantic times, the forma- 
tion of the outbreaks did not begin until Sarmatic and Meotic 
times, reached its maximum in Dacic times, and continued with 
almost undiminished force into Levantic times; and (0) that al- 
though the intensity of folding within the Carpathians along the 
border of the southern Sub-Carpathian zone increases from east to 
west, the intensity of formation of the diapir folds decreases from 
east to west. Krejci postulates as a fundamental regional requisite 
for the formation of the Roumanian salt domes the presence of a 
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formation composed of mobile plastic materials such as salt, clay, 
and marl, located at the front of an active sheet overthrust, and 
overlain by a competent cover which is neither too thick nor too 
thin and which transgresses at least to the edge of the overthrust 
sheet. He then conceives the formation of the outbreaks as taking 
place in three steps: (1) the formation of wavelike folds in the 
competent cover through the effects of thrust by the overthrust 
sheet; (2) the transformation of the folds into piercement folds 
through the yielding upward of the mobile plastic underlying forma- 
tion under the effect of the same thrust, the upward movement 
being augmented at the points of least resistance along the crests of 
the folds; and (3) the transformation of the piercement folds into 
outbreaks through the extrusion of the plastic core vertically up- 
ward into the overlying sediments, the movement taking place 
isostatically under the effect of the pressure of the overlying sedi- 
ments. Theoretically, the motive force in the final upthrust of the 
core could be tectonic thrust, but on account of the field evidence 
Krejci believes that tectonic thrust from the Carpathian mountain- 
building movements cannot have been the effective force, and there- 
fore argues for upthrust due to the downward thrust of the sedi- 
mentary cover. The upthrust is made possible by the plasticity of 
the salt, clay, and marl, and by the lower specific gravity of the salt 
in comparison to the surrounding sediments, and it is aided by 
erosion of the crests of the anticlines with exposure of the plastic 
underlying formation and by deposition in the intervening synclines. 

The Roumanian domes are not so well known as the American 
domes. They occur in a structurally complicated setting, and it is 
not easy to disentangle the salt-dome structure from the tectonic 
structure; furthermore, exploration has not gone so far as on the 
American domes. The Roumanian salt-dome geologist possibly may 
have more to learn from the American salt domes than the American 
salt-dome geologist has to learn from the Roumanian domes. The 
occurrence of the American domes in a region of tectonic quiescence 
suggests that tectonic thrust cannot have the importance postulated 
by Mrazec, and the characteristic relative excess of density of the 
upper part, at least, of the American salt core and cap, in comparison 
with the surrounding sediments, suggests that isostatic thrust is not 
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competent by itself to explain the upthrust. The following features 
of the Roumanian domes, however, are suggestive in connection with 
the problems of the American salt domes: (a) the resemblance of 
the Roumanian domes to the American domes, if allowance is made 
for the effects of the complicated structural setting in which the 
Roumanian domes are found; (0) the occurrence of the domes in 
pronounced anticlines; (c) the occurrence of the salt and Salifere 
marls and clays as diapir-type cores in the anticlines; (d) the align- 
ment of the anticlines along structural, chiefly anticlinal, lines; (e) 
the effective control of the structural setting on the form and 
occurrence of the domes. 


TRANSYLVANIAN SALT DOMES 


The Transylvanian group of salt domes occur in the Miocene- 
Pliocene basin inclosed within the bow of the Carpathian arc and 
the Apusen Mountains in the former Hungarian province of Tran- 
sylvania, now ceded to Roumania. The Transylvanian basin con- 
sists of relatively flat-lying Miocene and Pliocene beds with a gentle 
regional dip to the center of the basin. The beds, however, are 
folded into a series of anticlines and synclines along axes tending to 
have a north-south strike, but also tending to conform somewhat to 
the edge of the basin. As the area is not known to be petroleum- 
bearing, and as there has been very little exploration for oil, little 
is known about the domes except the few in which salt mining is 
carried on. The known salt domes, as given by Papp, are shown on 
the map (Fig. 2). Inward from the edge of the basin there are other 
structural domes, some of which are suspected to be salt domes. 

The data available in regard to the characteristics of the Tran- 
sylvanian domes are scanty. The well-known Maros-Ujvar salt 
dome is elliptical in outline, with major and minor axes 2,700 and 
1,500 feet, respectively. The salt core is said to have steep, or even 
slightly overturned, flanks, and the salt has dark banding which 
stands nearly vertical. At many of the domes, according to Papp, 
the flank beds have a quaquaversal dip away from the dome. In 
one case, according to a personal communication from Dr. Hugo 
Bockh, the dacite tuff can be traced with normal dip under the salt 
core. From the map (Fig. 2) it can be seen that the salt domes tend 
to occur on the anticlinal lines. 
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In the fragmentary state of knowledge of the Transylvanian salt 
domes there are only three points which are suggestive in connection 
with the problems of the American salt domes: (1) that the Maros- 
Ujvar dome resembles an American salt dome with its crest eroded; 
(2) that the salt domes tend to occur on anticlinal lines; and (3) 
that the salt domes occur in a region which has been subjected to 
moderate folding, but to no such thrust as the area of the Carpathian 
salt domes. 


GERMAN SALT DOMES 


The German salt domes are a phase of the North-German 
Zechstein salt deposits. These salt deposits were laid down in 
depressions of the basin which, in Zechstein times, extended from 
Netherlands on the west across Northern Germany into Poland on 
the east, and from Southern Denmark on the north to Munster, 
Frankfort-am-Main, Mamberg, Dresden, and Breslau on the south 
(Plate 3). Formerly, these salt deposits extended as a more-or-less 
continuous series of beds over wide areas, but by post-Permian 
tectonic movements the area in which they occur was broken up into 
several tectonic basins: the Magdeburg-Halberstadt basin, the Thu- 
ringia basin, and the Rhone basin. From the intervening areas of the 
Thiiringerwald, Harz, and Flechtinger Hohenzug, the Zechstein beds 
have been eroded, but in the basins the salt deposits normally lie 
buried under the Triassic, Jurassic, and, in part, under the Creta- 
ceous. To the north of these three basins the salt deposits in the 
Hannover area and in the area of the North German plain normally 
lie deeply buried under the Tertiary as well. 

The salt deposits are composed of a series of formations that is 
very uniform over a wide area. The respective normal stratigraphic 
sections for the Werra district, the Middle Leine Valley district, 
the Stassfurt district, and the Hanover district are given in Table 
TL 

According to the available literature, differentiation of the salt 
series in the Werra district into formations correlative with those of 
the standard Stassfurt series seems impossible, and the only forma- 
tions which can be correlated between the Werra district and the 
other three districts are the overlying Upper Zechstein clays and the 
underlying Lower Zechstein. Throughout the other three areas the 
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normal section varies from district to district chiefly in the thickness 
of the individual members and in the presence in the Hanover 
district of a potash zone in the “younger rock salt” in addition to 
that at the top of the “older rock salt.” The general lithologic 
character of each of the formations is remarkably constant, and the 
older rock salt and the younger rock salt are sufficiently different 
in petrographic character, so that they can be distinguished from 
one another readily. This differentiation of the German salt series 
has been of the utmost importance in studying the German salt 
domes, for by means of it the German geologists have been able to 
work out with great precision the enormously complicated internal 
structure of the salt domes. 





Fic. 6.—Section across the northwest end of the Schmiicke-Finne salt-dome ridge 
(example of Stassfurt type). After Schlafke. 


The German Zechstein salt deposits occur in the following 
structural types:" 


1. Normal, unaltered sedimentary beds, nowhere exposed 
2. Sedimentary beds in essentially normal position but altered by 
a) Squeezing out of the “Older rock salt” and less often of the younger rock 
salt in the synclinal areas between the salt ridges 
b) Solution, at the outcrop of the Zechstein along the edge of the Paleozoic 
arches 
3. Beds showing reduplication but still having the aspect of normally lying 
sediments 
a) Werra, Fulda, South Harz districts 
4. Salt domes 
a) Stocklike salt domes 
b) Salt-dome ridges 


t Essentially after Seidl—Ref. 19. 
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On the basis of form and structure, the following types of salt 

domes and salt ridges can be recognized: 

a) Stassfurt type (Fig. 6). 
Broad anticlinal zones with broad cores of the older rock salt; the older 
potash beds occurring on the flatly dipping flanks; the crest of the salt core 
long since dissolved away; the salt core 700-1,000 meters (2,300-3,300 ft.) 
thick. 

b) Asse type (Figs. 7 and 8). 
Small, more fissure-like zones with scantily faulted salt deposits not com- 
pletely piercing the overlying beds; the “Older beds” in places forming stock- 
like masses; the crest of the salt core only slightly eroded away; the salt core 
1,300 meters (4,200 ft.) thick. 

c) Leine type (Fig. 9): 
A broken anticline with salt squeezed up between the two flanks. 

d) Hannoverian type (Figs. 10 and 11): 
Stocklike salt cores with complicated internal folding and flanked by strongly 
dragged, and in part overturned, lateral beds; the salt core 600-3,000 
meters (2,000-10,000 ft.) thick. The Hanoverian type is very similar in 
general form to the American salt domes and differs from them chiefly in 
that there is usually one dimension longer than the others. 


Like an American salt dome, the characteristic German salt 
dome, of any of the four types, is composed of a salt core, with a 
gypsum cap and with flank beds dipping away from the salt core. 

The salt core, in a very large number of the salt domes, is well 
exposed in the workings and borings of the various potash mines, 
Detailed study of the salt formations forming the salt cores has 
therefore been possible and has shown the presence of the character- 
istic section which extends with relative constancy throughout the 
domes. By means of this section, and especially certain members 
of it which, although thin, are persistent in spite of folding, it has 
been possible to work out with great delicacy the very intricate 
folding which is present in many of the salt domes. Although the 
minor folding in the Stassfurt and Asse types may be complicated, 
the general pattern of the folding is of a relatively simple anticlinal 
type (Figs. 6, 7, and 8). The Leine Valley type is remarkably 
similar to case ‘“‘C” in Mrazec’s explanation of the formation of a 
diapir fold by under thrusting (see Figs. 4 and 9); and as postulated 
by him, the salt core has been rolled over, with a result, in this case 
of fairly complicated internal folding. The salt cores of the Hannove- 
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rian type show a most complicated internal structure. The older 
salt seems to have broken through the apparently less plastic 
younger salt series, and in many places to have overturned and 
thrown it back. Figure 12 shows an example of the very complicated 
folding that has resulted. It should be noticed that the apparent 
anticlines of the section in reality are overturned synclines, and the 
apparent synclines, overturned anticlines. In the case of the Benthe 
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Fic. 8.—Section across the Stassfurt salt-dome ridge (at this point an example of 
the Asse type). After Schiinemann. S=Buntsandstein, Maj=“‘Younger” salt series, 
H=“Main” anhydrite, T=“Gray, salt” clay, K=“Older’ potash series, Na-a= 
“Older” salt series. 


salt dome, Stier has been able to map with great detail the folding 
shown by the salt and has been able to show the presence of two 
sets of folds, the one, Hercynian (NW.-SE.) in strikes; the other, 
Rhenish (NE.-SW.) in strike (Fig. 13). The effect of the Hercynian 
folding, furthermore, is stronger above the 600-meter level, and 
decreases with increasing depth, while the reverse is true of the 
Rhenish folding. 

The vertical thickness of the salt core, especially in the salt 
domes of the North German plains, is great. The following are 
depths at which wells stopped in the salt without having encountered 
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Fic. 9.—Sections across the Middle Leine Valley anticline near Alfeld. After 
Renner. Section I, 7.5 km. NW.; and section III, 11 km. SE. of section II. 


Mo, Mm, Mu=Upper, Middle, Lower Muschelkalk 77=“Red-salt clay” and “Pegmatite” anhydrite 
Naj-1 =“‘Younger”’ salt series 


So, Sm, Su=Upper, Middle, Lower Buntsandstein : 
A=“Main” anhydrite 


ZO; =Zechstein clays : ; 
Naj-2 =“Youngest” salt series Na-a=“Older’”’ salt series 
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the underlying formations: Hildesheimer Wald dome in the North- 
west Harz foreland: 


Meters Feet 
Stilberg boning p22 st Meise sok eee ee eee ree nee 1,350 (4,431) 
Salzdetfurth) No. Lites tn re ee eee 1,400 (4,595) 


SALT DOMES OF THE NORTH GERMAN PLAIN: 


Meters Feet 
SDELENDERG Tea cae eethiv a. econ Nias, ore oearars vases oe 1,390 (4, 562) 
Salzwedel BoringsNoO. EV) Gustritz.ane+ oovasee eine wee 1,408 (4,621) 
DGibloydelstsi Nepal cid, Rate Heel oon Sram De aCe cc CG I, 204 (3,952) 
AltonawLicthiboring ares rece taner coer etree: 1,338 (4,301) 
Wietze-Steinforde Prinz Adelbert No. IV............... 1,613 (5,204) 





























Fic. 10.—Section across the upper Aller salt-dome ridge (example of Hannoverian 
type salt-dome ridge). After Schmirrer and Seidl. 





Fic. 11.—Section across the Benthe salt dome through the Deutschland and 
Ronnenberg mines. After Stille and Seidl. (Example of Hannoverian type salt stock.) 
Cu=Lower Cretaceous, K = Keuper, M =Muschelkalk, S=Buntsandstein 
Na-j=“Younger” salt series, Na-a= “Older” salt series, A =gypsum cap 
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As the Prinz Adelbert encountered the salt at 109 meters, its record of 
salt from 323~-5,294 feet surpasses the American record, made by 
the Texas Company at Humble, of salt from 1,340 to 4,400 feet 
(408-1,340 m.) in a well on top of the dome, and 2,342-s,410 ft. 
(713-1,648 m.) in a well on the flank. 
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Fic. 12.—Section through the Riedel mine at Hanigsen, showing in detail the 
complicated folding of the salt series. After Stille. 


One of the most striking features of this complicated folding is 
the extreme plasticity of the salt series as a whole, with, however, 
very great differences in the plasticity of the various members. The 
massive salt beds show a plastic reaction to deformation, while the 
“main anhydrite,” the “gray salt clay,” and the “‘red salt clay,” 
show a rigid reaction: that is, under deformation, the plastic salt 
beds bend and stretch, while the rigid beds fracture and break. 
Where the folding is complicated, the main anhydrite and the gray 
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salt clay commonly have been torn apart; in domes of the Stassfurt 
type they are found only in the synclines and flanks of the anticlines, 


—— EDGE OF SALT. 
— —= FAULT. 
FORMATION CONTACT. 





Fic. 13.—Sketch map of the Benthe salt stock. Surface geology after Stille— 
contact between Z-Sj and Z-Sa taken from 500-meter level in mines, after Stier. 
Quaternary and Tertiary cover omitted, Co=Senonian and Emscher (Upper Creta- 
ceous), Cu=Marine Lower Cretaceous, J=Jurassic, K=Keuper, M=Muschelkalk, 
Sm= Middle Muschelkalk, Sw=Lower Muschelkalk, Z-Sj=‘“Younger” salt series, 
Z-Sa=“Older” salt series. 
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and in the Hannoverian type of domes, they are found only in the 
troughs of the synclines and the crests of anticlines. Figure 12 shows 
an example of the extremely plastic reaction of the salt deformation. 

The gypsum cap in a general way appears to resemble the cap 
of the American salt domes. It lies on the nearly level top of the salt 
core and has a thickness of a few centimeters up to roo meters 
(0-300 ft.). The cap grades into a mantle that extends well down 
the flanks of the dome. The cap is composed predominantly of 
gypsum, in some cases mixed with clay or material from the over- 
lying beds. In a few cases the base of the cap is composed of anhy- 
drite rather than gypsum. The lower portion of the cap tends to 
have a fine, nearly horizontal, bedding, while the upper portion tends 
more toward a breccia. From the suite of specimens seen by the 
writer at the Technische Hochschule in Hannover, the gypsum and 
anhydrite of the cap of the German salt domes has a confused and 
irregular texture and lithologic structure that constrasts strongly 
with the even, uniform, coarsely crystallized selenite and the 
macroscopically massive, even, uniform saccharoidal anhydrite of 
the American domes. The origin of the cap rock in the German 
domes is attributed by the German geologists to regeneration and 
cementation of the residual anhydrite left behind in the solution of 
the top of the salt core. As can be seen from the discordant relation 
of the top of the salt to the folding, a very large amount of salt has 
been removed from the top of the salt core. As the salt contains a 
notable amount of anhydrite (the older rock salt, 5~6 per cent) in 
addition to the intercalated beds of anhydrite, the residual theory 
forms a perfectly plausible explanation of the gypsum cap of the 
German salt domes. 

The flank beds dip away from the axis of the salt core as in the 
American domes, but there is considerably more of a tendency 
toward concordance between the flank beds and the edge of the salt 
core. The salt domes of the Stassfurt type and of the Asse type are 
not true diapir folds. The salt has arched up the overlying beds, or 
the salt and the overlying beds have been arched up together, but 
the salt core has not broken through them. Many of the salt domes 
of the Hannoverian type seem not to be diapir folds, but to have 
concordant relations between the flank beds and the edge of the salt 
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core. In the case of many other of the domes of the Hannoverian 
type, as, for example, Wietze-Steinforde, Hanigsen-Wathlingen, 
Oelsburg (N. Peine), and probably Liibtheen and Salzwedel, the 
salt core is at least partially bounded by peripheral faults, cuts dis- 
cordantly across the edge of the upturned flank beds, and stands 
in true diapir relation to them, similarly as in the case of the Ameri- 
can salt domes of the Gulf Coast. The flanks of all the types are 
characterized by more or less faulting. The flanks of the following 
Hannoverian type of dome are overturned: Steinhuder Meer (SW. 
side), Hope Lindwedel (SW., NW., NE. sides), Benthe (NW. and 
S. sides), Sarstedt-Sehnde (NW. side), Sehnde-Lehrte (NNW. side), 
Fallersleben (W. side), Middle Leine Valley (W. side), South half, 
Upper Aller (NE. side), N. 3 Upper Aller (SW. side), Hohensalza 
(probably W. and E. sides). 

Relations of transgression and angular unconformity are present 
in the flank and supersalt beds, and, according to Stille, folding 
has taken place as follows in the salt domes or in the salt-dome lines: 
Pre-Cretaceous (Cimmerian) folding: 

1. On the Rhenish-striking salt-dome line, Sehnde-Lehrte, Hanigsen- 

Hofer, Bardenhagen, Liineburg 

2. On the Hercynian-striking anticlines of the Calenberg and Asse axes 
Intra-Cretaceous: 

1. On the Rhenish-striking Hainigsen-Wathlingen dome. 

2. On the Hercynian-striking Lower Aller salt-dome ridge 
Early Tertiary: 

1. On the Rhenish-striking Sehnde-Lehrte, Hainigsen-Wathlingen salt-dome 

line and the Benthe salt dome. 

2. On the Hercynian-striking Lower Aller salt-dome ridge and Calenberg 

axils. 
Late Tertiary: 

1. On the Rhenish-striking salt domes, Hanigsen-Wathlingen, Barden- 

hagen-Kolkhagen, and Wiinhow-Liichow. 

2. On the Hercynian salt-dome line north of Steinhuder Meer. 


The type and character of the individual salt domes and the 
pattern of their arrangement reflect strikingly the setting in which 
the salt domes are found. The most important elements of this 
tectonic setting are: the Bohemian mass with its two tectonic 
Peninsulas of the Harz and the Flechtinger Héhenzug, the Hercy- 
nian system of fractures (NW. and W.-NW.-SE.) which charac- 
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terize Central Germany and which control the form of the Harz 
and the Flechtinger Héhenzug, the Rhenish mass, and, to the north 
of the Bohemian and Rhenish masses, the North German plain, 
with its mass of sediments thickening northward. 

Inclosed between the Harz and the Flechtinger Héhenzug is 
the tectonic Magdeburg-Halberstadt basin, which was formed by 
diastrophic movements in post-Permian times. 

The tectonic pattern of the salt domes is what we should expect 
as a result of the collapse and slight lateral compression of such a 
basin, that is, a series of long anticlinal Hercynian axes conforming 
in direction to the sides of the basin. As the stratigraphic thickness 
of the overlying sediments above the salt formations in the basin 
was only 600 to 800 meters and was composed of relatively more 
consolidated sediments than the Tertiary rocks of the North German 
plain, the salt domes characteristically are of the Stassfurt and Asse 
types, in which the overlying beds have not been broken through 
by the salt, but have been arched with it. 

In the North German plain, immediately off the front of the 
Harz and Flechtinger Hohenzug, the Hercynian (W.NW.-E.SE.) 
strike of the salt-dome axes of the Magdeburg-Halberstadt basin 
gives way to a predominately Rhenish strike (N.NE.-S.SW.). 
There are three well-marked Rhenish lines of salt domes: the 
Flackstéckheim, Theide, Rautheim, Fallersleben, Weyhausen line, 
the Oelsburg-Oelheim line, and the Sarstedt-Sehnde-Lehrte, 
Hanigsen-Wathlingen, Habighorst-H6fer line, in which the Sarstedt- 
Sehnde-Lehrte dome is itself a long narrow salt-dome ridge with a 
Rhenish strike. In addition, the isolated domes, Benthe, Didderse, 
Salzwedel, Kolkhagen, and Liibteen, show a Rhenish strike or 
traces of a Rhenish strike. It is as if the North German plain were 
being thrust against the northwest edge of the Bohemian mass, as 
marked by the line of the front of the Harz and the Flechlinger 
Hohenzug. In this zone of predominately Rhenish strike, however, 
the influence of Hercynian strike also is evident. Many of the salt 
domes seem to mark the intersection of a Rhenish line of uplift with 
the prolongation of one of the Hercynian lines from the Magdeburg- 
Halberstadt basin (Plate 3). In many of the domes, also, as, for 
example, Benthe (Fig. 13), the salt core shows the effects of both 
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Rhenish and Hercynian folding. In the case of the Benthe dome, 
the effects of the Hercynian folding are more pronounced above the 
6oo-meter level, and the effects of the Rhenish become increasingly 
pronounced with increasing depth below the 600-meter level. 
According to Stier’s interpretation, it is the Rhenish forces of folding 
which have provided the predominating motive force for the up- 
thrust of the salt core. 

The Hercynian lines again seem to control the alignment of the 
domes to the north and west of the Hanoverian area of predominate- 
ly Rhenish strike. On the northeast there is the well-marked line 
of the Lower Aller, with both the Wietze-Steinforde dome and the 
Lower Aller (Verden-Kirchwahlingen) domes themselves showing a 
marked Hercynian strike, and there is also the Hercynian-striking 
Steinhuder Meer dome. To the north, there is the Lower Elbe 
group of domes, apparently forming an elongated area with a 
Hercynian strike. And it is in the prolongation of this zone that the 
two lone domes near Berlin occur. In the Lower Elbe salt-dome 
area it is possible to line up the individual salt domes along several 
possible salt-dome lines; as, for example, Helgoland, Stade, Winsen 
a.d. Elbe, Liineburg, or Kolkhagen, Salzwedel, and Sperenberg, or 
the line Heide, Lieth, Altona, and possibly Liineburg and Speren- 
berg, or the slightly less probable line, Segeburg, Liibteen, Conow, 
Wietze, and possibly Sperenberg. As was first suggested by Bey- 
schlag and later emphasized by Stille, Seidl, and others, these domes 
probably reflect the prolongation of the series of folds which, in 
South Hannover, are exposed at the surface, but which in the North 
German plain are deeply buried under the Tertiary cover. 

The cause of the upthrust of the German salt domes is attributed 
by the German geologists to tectonic forces. Stille, in his papers on 
the Hannover district and on injective folding, traces the pattern of 
the folding in the Hannover district and ties together the salt domes 
of the North German plain, the salt-dome ridges of South Hannover, 
and the graben of Southern Hesse in a single Saxon system of folding, 
of which the motivating force is tangential thrust. Seidl, in some of 
his discussions, seems to favor vertical isostatic thrust as the moti- 
vating force, but the diagrams in his paper on salt-dome exploration 
seem to teach the lesson of tangential thrust, and he definitely 
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attributes one set of domes to underthrust. Renner’s sections of the 
Middle Leine salt-dome ridge seem definitely to show tangential 
thrust (resulting in overthrust) as the motivating force. Stier, in 
his work on the Benthe salt dome, shows the clear impress on the 
salt core of folding in the same two directions which control the 
alignment and strike of the salt domes and salt-dome ridges. 
Lachman and Arrhenius, however, advocate the theory that the 
upthrust of the salt is due to isostatic forces resulting from the lesser 
specific gravity of the salt in comparison to the overlying formations. 
Few of the German salt-donie geologists seem to follow Lachman 
and Arrhenius far, but many emphasize the importance of the 
vertical pressure of the overlying sediments upon the salt. There 
seem to be no advocates among the German geologists for any of the 
various American theories of salt domes, the volcanic theory, the 
theory of deposition from ascending brines, the evaporation of 
brines by escaping gas. The impression that the writer has gained 
from the discussions, diagrams, and sections of the German domes 
is of a relatively mobile substance, the salt yielding under pressure 
by plastic flow rather than by fracture, or by simple bending in the 
case of the ordinary sediments. 

Significant points in regard to the German salt dome in connec- 
tion with the American salt-dome problems are: (1) The salt occurs 
in a series of normal sedimentary beds which can be recognized in a 
practically constant section throughout the salt domes. (2) The 
Middle Leine salt-dome ridge and the salt-dome ridges of the Magde- 
burg-Halberstadt basin are plainly the result of the tectonic de- 
formation of the sedimentary salt series. (3) The salt domes of the 
North German plain are so intimately connected with the salt domes 
of the Magdeburg-Halberstadt basin and with the Middle Leine 
salt dome, and there is such a complete transition between them, 
there seems to be no reasonable doubt that all the German salt 
domes have been formed by the same forces, although, in the differ- 
ent areas, the domes may have been cast in slightly different molds. 
(4) Where the cover above the salt series is only moderately thick 
and composed of only moderately consolidated beds, the salt dome 
tends to take the form of an anticline with the flanks of the salt 
concordant with the flank beds; where the cover is thick and com- 
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posed of weakly consolidated sediments, the salt core tends to pierce 
the cover and form a diapir fold. (5) In the North German plain, 
the flat-lying (mother) salt series of the inter-salt-dome areas have 
not been found, for the reason that the stratigraphic horizon at 
which they occur is buried to great depths. (6) The salt domes seem 
to be due primarily to the fact that massive salt deposits possess a 
mobility far above that of other sediments, and yield to thrust by 
plastic flow. (7) The salt domes of the North German plain, such as 
the Benthe, Wathlingen-Hanigsen, Habighorst-Hofer salt domes, 
and all the salt domes of the Lower Elbe are very similar to the 
American salt domes and do not differ from them in any essential 
way. 
CONCLUSION 

In the light of knowledge now at hand it is evident that the salt 
domes of Texas and Louisiana represent essentially the same type 
of geologic structure as the German and Roumanian salt domes. 
Due to the difference in the geologic setting of the domes of the 
respective countries, the American domes differ from the Car- 
pathian-Sub-Carpathian domes and from the German domes in 
the form which this type of structure has assumed, but where the 
geologic setting is the same, as, for example, in the North German 
plain, very closely similar forms have been assumed. In the light 
of this innate similarity of structural pattern it is evident that the 
American salt domes probably have been formed by the same general 
forces acting according to the same general laws that formed the 
German and Roumanian salt domes. 

It is evident that some of the rather characteristic features of the 
American salt domes are not essential features of salt-dome struc- 
ture. Although not present on all domes, the limestone-gypsum- 
anhydrite cap is distinctly characteristic of the American salt domes. 
Yet the Roumanian domes are without any such cap and the gypsum 
cap of the German domes seems possibly to be different in origin 
from the American cap rock. Native sulphur is characteristic of the 
cap rock of a large number of the American domes, and on some of 
the domes is present in large quantity, but no sulphur is reported 
from either the Roumanian or the German salt domes. The accumu- 
lation of considerable quantities of petroleum is characteristic of a 
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large number of the American and Roumanian domes, but only 
minor amounts of petroleum are found around the German domes. 
On the problems of such features of the American domes little or no 
light is shed by the knowledge available in regard to the Roumanian 
and German domes. 

A minor feature on which light is shed by knowledge of the Ger- 
man salt domes is the origin of what the writer calls “secondary 
mounds,” “‘subsidiary crests,” and “‘salt spines.’’ The small mound 
in the northwest quadrant of the Vinton salt dome is a secondary 
mound. The more marked Crests of the Damon Mound salt-dome 
mound are subsidiary crests. The crest of the salt core of the New 
Iberia dome is a salt spine. On the basis of physiographic study of 
Vinton, Barbers Hill, Big Hill-Jefferson, and Damon Mound, the 
writer became convinced that secondary mounds are due to second- 
ary upthrust affecting only part of the salt core, and that the sub- 
sidiary mounds are either due to secondary upthrust or to differential 
upthrust with several centers of maximum movement. The belief 
was strengthened by a study of the structure of the New Iberia 
dome, where a spine of salt rises 1,200 feet (360 m.) above a much 
broader salt table. The sections of the Hannoverian type of salt domes 
(Figs. 10 and 11) seem to show that the older salt has streamed 
up through the overlying younger salt along several centers or 
axes of movement. The assumption would seem to be warranted 
that rate of upward movement should be greater along such axes 
or centers than along the interaxial lines. Such differential move- 
ment, if expressed at the surface, should produce a series of sub- 
sidiary mounds such as are present at Damon Mound. It would 
also seem not unreasonable to expect that later movement of minor 
amount might take place along one of these axes or centers and not 
along the others. Such movement would tend to form salt spines, 
and secondary or subsidiary mounds. 

In connection with the more important problems, the following 
points seem to be evident: 


Carpathian-Sub-Carpathian domes: 
1. The salt domes are abnormal anticlines characterized by a core of the 
plastic salt and marl of the Salifere that has been intruded vertically 
upward into the overlying formations. 
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2. These anticlines tend to be on structural-trend lines that reflect the 
effect of the Carpathian tectonics. 

3. The structural setting in which the domes occur has exercised a strong 
control on the form and occurrence of the salt domes. 

Transylvanian domes: 
1. The domes tend to occur on anticlinal lines. 
German domes 

1. The salt occurs in relatively normally lying sedimentary formation, in 
salt domes, and in salt-dome ridges. 

2. The salt domes tend to occur on the extensions of the anticlinal axes of 
the salt-dome ridges, and on other anticlinal axes. The domes very 
commonly are at the intersection of anticlinal axes. 

3. In the salt domes and salt ridges the salt forms the core. In some cases 
it is in concordant, and in the other cases in diapir, relations to the 
surrounding sediments. 

4. The salt cores have been formed by deformation of the sedimentary salt 
formation, the salt of which has yielded by plastic flow and has been 
thrust or intruded into its present position. 


From the other papers of the symposium on salt domes it can 
be seen that the flank beds of the American domes show the effects 
of very marked upthrust. 

In the light of present knowledge it seems futile to predicate the 
origin of the American salt domes by any other method than by 
upward intrusion consequent upon, and coincident with, plastic 
yielding to deformation by a pre-existing salt mass, in all probability 
an originally flat-lying sedimentary salt bed. Especially does it 
seem futile since the opposing American theories are based on only 
very scanty positive evidence, or are based entirely on assumptions. 
The theory of the precipitation of the salt from ascending brines, 
whether by cooling or by evaporation by escaping gas, for example, 
is based on the assumptions: (a) of the possibility of an open channel 
leading upward through thousands of feet of gumbo and shale; (0) 
of the channel being kept open for geologic ages in soft, unconsoli- 
dated formations in which the driller has great difficulty in keeping 
a drill-hole open, even with the hole full of heavy mud; and (c) of 
the existence of ascending streams of brine. No such streams of 

‘brine are known to occur around the Gulf Coast salt domes. The 
presence of small brine springs at the surface would be of no signifi- 
cance in any case, since the German salt domes commonly happen 
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to be characterized by brine springs. The volcanic theory seems to 
have been proposed without any basis of positive evidence. There 
are, however, certain local relations in the Transylvania basin, and 
locally in south Texas, which have been interpreted by reputable 
geologists as pointing to a possible volcanic origin of salt domes. In 
the main salt-dome area of Texas and Louisiana, however, the salt 
domes are not accompanied by evidence of volcanic or even solfateric 
activity, and the Gulf Coast salt domes seem to be characterized 
by rather low geothermal gradients to the deeper horizons (about 
too ft. per 1° F.). In the German salt-deposits areas, where there 
has been volcanic activity there are no salt domes. 

That the mother salt-beds of the American salt domes have not 
been discovered as yet is expectable on the basis of our knowledge of 
the German salt domes, and can in no way invalidate the theory 
of the derivation of the American salt domes from such beds. In the 
area of the German salt domes similar to the American salt domes, 
the mother salt-beds have not been reached, but there the inference 
is definitely warranted that they are present at depths which it is 
not now practicable to reach by boring. 

What the motivating force of the intrusion is still remains an 
open question, even in the added light of the German and Rouma- 
nian salt domes. In the case of the Roumanian domes it is easy 
to call upon orogenic thrust. In Germany a mild orogenic thrust 
can be called upon, for there were repeated movements of mild 
folding. The general region in which the American salt domes occur 
has been one of the great geologic tranquility for a very great 
distance back into the geologic past. From the salt domes, es- 
pecially from the Gulf Coast domes, it is far to any region which 
shows the traces of compressive folding. The static thrust of the 
overlying cover is not an entirely satisfactory acceptable alterna- 
tive. It seems inadequate in comparison to the magnitude of the 
task. The German domes, furthermore, offer very pertinent evidence 
against the theory of vertical thrust in that there is a very prevailing 
tendency toward thickening of a bed at the crest of an anticline. 
Under merely vertically acting forces the crest of an anticline should 
be a point of thinning. Recrystallization approximately in place 
may well have occurred, but the evidence of the German domes 
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seems to be against any very considerable transfer of material by 
solution and recrystallization. Whatever the motivating force, the 
movement of the salt in the German domes seems to have been by 
plastic flow, and the force of growing under crystals recrystalliza- 
tion, therefore, seems a dubious motivating force. 

In connection with the question of the alignment of the salt 
domes and the significance of alignment, the lesson of the German 
and Roumanian domes is that the salt domes are associated with 
anticlines rather than normal fault lines. To a certain extent the 
German domes indicate that domes of the American type occur at 
the intersection of anticlinal ridges. A most significant suggestion 
which the German domes offer is that the alignment of the salt 
domes of such an area as the Gulf Coast, with its enormously thick 
section of unconsolidated sediments, is controlled by the tectonic 
plan of the underlying basement. 
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MAPS OF THE GERMAN GEOLOGICAL SURVEY SHOWING SALT DOMES 


Salt Dome Blatt Lieferung re 
Upper Aller Gr. Twiilpstedt 185 IQI4 
Upper Aller Weferlingen 185 1914 
Upper Aller Helmstedt 185 1914 
Doorn Siipplingen 185 1914 
Fallersleben Heiligendorf 185 1914 
Flackstéckheim Salzgitter 174 1912 
Gr. Rhuden Lamspringe 182 IQIS 
Habighorst-H6fer Beedenbostel 187 IQIS 
Hanigsen-Wathlingen Wathlingen 187 IQI5 
Hanigsen-Wathlingen Burgdorf i. H. 232 1921 
Hildesheimer Wald Sibbesse 182 IQI5 
Middle Leine Valley Gronau 127 1906 
Alfeld 127 1906 
Freden 127 1906 
Liineburg Liineburg 108 IQi2 
Peine-Nord Peine Qo, 1921 
Salzgitter Sazgetter 174 IQI2 
Sperenberg Sperenberg 243 1922 
Stade Staden-Hagen 106 1904 
Stassfurt Stassfurt 177 1913 
Connecting zone between 
Stassfurt and Aschersleben Giisten 177 1913 
Vienenburg Vienenburg 174 IQI2 
Wietze-Steinforde Winsen a.d. Aller 187 1915 


Also some of the following sheets: 


Karte der nutzbaren Lagerstatten Deutschlands: 


Lieferung X, Blatter Laar, Cloppenburg, Nienburg, Celle, Salzwedel, Stendal, 


1922; 


Lieferung XI, Blatter Braunschweig, Magdeburg, Goslar, Dessau, 1922. 


INTERIOR SALT DOMES OF TEXAS? 
SIDNEY POWERS 


ABSTRACT 


This paper describes the geology of the six interior salt domes in eastern Texas 
and discusses their relationship with the geology of the region and with the interior salt 
domes of Louisiana. 


INTRODUCTION 
LOCATION 


Salt domes in the United States are confined to the Gulf Coastal 
Plain of Louisiana and Texas in an area of very thick sediments 
and gentle folding. One or two domes are reported in the northeast- 
ern corner of Mexico near Brownsville and others are suspected 
under the waters of the Gulf. No salt domes are known east of the 
western edge of the Mississippi River delta. The salt domes of the 
Isthmus of Tehuantepec are in a region of similar thick sedimenta- 
tion and gentle folding, but domes in some other parts of the world 
are associated with intense mountain building. 

Division of the salt domes of the United States into coastal 
and interior is based on geological and geographical grounds. A 
broad belt of country coinciding with the outcrop of formations of 
Oligocene age lies between the groups on the north and those of 
the coastal belt. Their location is shown in Figure 1. 

Interior salt domes are divided into two groups, one on the axis 
of the geosyncline of eastern Texas, the other near the axis of the 
corresponding geosyncline of northern Louisiana. The six interior 
domes in Texas are described in detail below. There are many other 
salines in eastern Texas which are not salt domes. Northern Louis- 
iana has thirteen known domes and has many more salines which ap- 
pear not to be salt domes. The scarcity of exposures and the lack 
of wells render the classification of many salines difficult. Three 


t Published by permission of the Amerada Petroleum Corporation. 


200 


210 SIDNEY POWERS 


salt domes were discovered in northern Louisiana by geologists in 
1922. Other domes will undoubtedly be found in the same general 
area. A question has been raised concerning the origin of the large 
structural domes on which the Homer and Bellevue fields are located, 





















































































































































Fic. 1.—Outline map of Texas, Louisiana, Arkansas, and Oklahoma showing 
relationship of coastal and interior salt domes (dots) to the Sabine and Monroe 
uplifts (as outlined by Upper Cretaceous structure contours), and to other structural 
features. 

The present Wichita Mountains are extended to include the amarillo arch on the west and the Red 
River arch—Healdton and Criner Hills buried flanks on the east. The Arbuckle Mountains are extended 
southeastward by new discoveries and the Sabine uplift as outlined in Lower Cretaceous strata, with 
northwest-southeast axis is a buried part of the Arbuckle line of folding. The Monroe uplift may be another 
parallel, buried Paleozoic ridge of pre-Ouachita Mountains generation. The “Granite Ridge’ (Nemaha 


Mountains) and Bend arch may represent a line of Mississippian continental fracture whose counterpart 
is found in the Balcones and Mexia fault zones. 


but these folds embrace many square miles whereas the proved salt 
domes cover only about three square miles each. The larger folds 
seem to be the expression of tangential compression accentuated, 
possibly, by buried hills. 


INTERIOR SALT DOMES OF TEXAS 2Et 


EXAMINATION 


The interior domes of Texas were first described in the first, 
second, and third annual reports of the Texas Geological Survey 
under the direction of Mr. E. T. Dumble.? The next series of re- 
ports by O. B. Hopkins, by E. DeGolyer, and by the writer, form 
the basis for the present paper which is largely a résumé of the litera- 
ture. The writer has visited each of these domes several times since 
the summer of 1916 and desires to emphasize the wealth of infor- 
mation regarding physiography and geology which could be amassed 
by intensive study of each of them. A number of other geologists 
have made private reports on one or more of the domes and the 
reports of Alexander Deussen and L. C. Chapman have been used 
in the preparation of this paper. The writer is indebted for informa- 
tion to Alexander Deussen, Wallace E. Pratt, Dr. L. W. Stephenson, 
and Dr. Julia A. Gardner, and, for many courtesies, to M. A. Davey, 
of Palestine, Texas. Miss L. L. Lane, of the Marland Oil Company 
of Texas, Miss A. C. Ellisor, of the Humble Oil and Refining Com- 
pany, Miss H. T. Kniker, formerly of the Texas Company, A. L. 
Selig and F. X. Bostick of Shreveport, Louisiana, have very kindly 
identified micro-faunas from several of the domes as well as from 
the normal outcrop of the same formations. 

The Louisiana interior domes were described in detail by Veatch? 
and later by Harris‘ and are being described by W. C. Spooner in a 
paper of this series in the Bulletin. 

References are omitted from the text because the present paper 
is a recapitulation of those already cited. Errors in previous papers 
have been corrected without explanation. Bulletin 736 of the United 


™ Detailed references are given in the more recent reports. 

2 OQ. B. Hopkins, ‘““The Palestine Salt Dome (and Keechi Salt Dome), Anderson Co., 
Texas,” U.S. Geol. Surv. Bull. 661G, 1917; E. DeGolyer, “The West Point Salt Dome, 
Freestone Co., Texas,” Jour Geol. Vol. 27, 1919, pp. 647-63; Sidney Powers and O. B. 
Hopkins, ‘The Brooks, Steen, and Grand Saline Salt Domes, Smith and Van Zandt 
Counties, Texas,” U.S. Geol. Surv. Bull, 736G, 1922. Also C. A. Cheney, “Salt Domes 
of Northeastern Texas,” Oil and Gas Jour., January 6, 1922, p. 82, reviewed by K. C. 
Heald, Amer. Assoc. Petroleum Geologists Bull., Vol. 6, 1922, p. 58. 

3A. C. Veatch, “Geology and Underground Water Resources of Northern Louis- 
iana and Southern Arkansas,’ U.S. Geol. Surv., Professional Paper 46, 1906. 


4G. D. Harris, ‘Oil and Gas in Louisiana,” U.S. Geol. Surv. Bull. 429, 1910. 
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States Geological Survey is referred to several times in the text. 
Maps accompanying the reports of the U. S. Bureau of Soils in 
Smith, Anderson, and Freestone counties show the drainage around 
these domes. 

EXPLOITATION 

During the Civil War many of the interior salt domes were 
exploited for salt and they were one of the most important sources 
of this commodity available to the South. Steamboat boilers cut 
through the center longitudinally served as kettles in Louisiana. 
Salt manufacture by white settlers began, however, much earlier— 
in 1805 in Louisiana, in 1835 in Texas—but it practically ceased 
after the Civil War. Salt is now mined at two domes in Texas by 
means of wells 450 to 500 feet deep. Casing is landed in the cap rock 
overlying the salt and water is either allowed to run down from upper 
sands or is pumped down to the salt and in either case is pumped up 
into evaporating pans in the plants. Steam evaporation was intro- 
duced in Texas about 1886. 

Salt was evaporated during the Civil War in Louisiana, at 
Bistineau, King, Rayburn, Drake, and Cedar salines; in Texas at 
Grand Saline, Steen, Brooks, and Palestine salines. Salt has been 
mined for many years at Grand Saline and at Palestine saline. 

Limestone has been quarried, principally for the manufacture of 
lime, at the Winnfield marble quarry and at Pine Prairie salt dome, 
Louisiana, and at Steen and Brooks salines, Texas. The limestone 
at Winnfield and Pine Prairie is cap rock and has been extensively 
quarried for a number of years. Calcareous sandstone was quarried 
for a short time at Steen saline, but the percentage of lime was too 
small. The Austin chalk furnished excellent lime at Brooks saline 
during the Civil War. 

Sulphur is practically unknown in the interior domes, although 
it is exploited in several coastal domes. 

Neither oil nor gas has been found in commercial quantities in 
any interior salt dome with the possible exception of the showing of 
heavy oil at Keechi. Only two Texas domes, Brooks and Keechi, 
have been tested and neither of them has been condemned except in 
very limited areas. A number of wells are required to condemn a 
salt dome. The outline of the salt core is seldom as regular as indi- 
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cated by surface topography and geology, and wells are drilled un- 
expectedly into salt. The sides of the dome plunge sharply and may 
be squeezed or faulted so that wells miss a normal section. The sup- 
position that the oil disappeared at the time of the salt intrusion is 
not supported by facts; Vacherie and Arcadia salt domes Louisiana, 
are completely covered by sands which produce oil elsewhere, but 
salt water only on these domes. 

Production may be obtained in any of a number of sandy hori- 
zons in the Upper Cretaceous and wells should be carefully drilled, 
cored at each change of formation, and the cores examined micro- 
scopically for fossils to determine the stratigraphic horizon. The oil 
possibilities of eastern Texas invite exploration. 


GEOLOGY 
STRATIGRAPHY 


The interior salt domes of Texas and Louisiana north of the out- 
crop of the Oligocene are confined to the outcrops of the Wilcox 
and Claiborne groups, both of Eocene age, but wells have been 
drilled through the Upper Cretaceous and into the lower group of the 
Lower Cretaceous. Formation names change at the Texas-Louis- 
iana line. The formations themselves thicken and thin and change 
both in lithologic character and in age. | 

Geologic subdivisions according to age equivalence are given in 
Table I.t The thicknesses of formations change as shown in Plate 1 
and estimates are given for the section at each salt dome in the 
description of the dome. Formations on the eastern side of east 
Texas are more similar to those in Louisiana than to those in central 
Texas and are best designated with their Louisiana names. 


' These are taken from the following sources: G. D. Harris, ‘Oil and Gas in Louis- 
iana,” U.S, Geol. Surv. Bull. 429, 1910; Alexander Deussen, ‘‘Geology and Underground 
Waters of the Southeastern Part of the Texas Coastal Plain,” U.S. Geol. Surv. Water 
Supply Paper, 335, 1914; E.T. Dumble, “The Geology of East Texas,” Univ. of Texas 
Bull. 1869, 1918; L. W. Stephenson, “‘A Contribution to the Geology of Northeastern 
Texas and Southern Oklahoma,” U. S. Geol. Surv. Professional Paper 120H, 1918; 
Prof. Paper 81, 1914, Pl. 12. Also A. C. Ellisor, Amer. Assoc. Petroleum Geologist 
Bull., Vol. 9, 1925, and W. C. Spooner, Monroe Gas Field, Louisiana. Dept. of 
Conservation, Shreveport, 1926. 
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In Louisiana, Coochie Brake, Winnfield, and Cedar Creek salt 
domes are in the belt of outcrop of the Yegua (Fig. 2), the others in 
that of the St. Maurice. In Texas, Grand Saline dome is entirely 
within the Wilcox, the others are near the outcrop of the base of the 
Mount Selman formation. 
















TABLE I 
Central Texas Eastern Texas Northern Louisiana 
Claiborne group. x Claiborne group Claiborne group 
Yegua formation Yegua formation Yegua (Cockfield) form. 
Cook Mountain formation Cook Mountain form. St. Maurice form. 
Mount Selman formation. Mount Selman form, Sparta sand* 
BOCenG: ele ss cye tes ; ioe Cane River* 
Wilcox group Wilcox group Wilcox formation 


Carrizo sandstone 
Indio formation 


Carrizo sandstone 
Indio formation 


Midway formation Midway formation Midway formation 
Arkadelphia clay Arkadelphia clay 
Navarro formation........ Nacatoch sand Nacatoch sand 
Unnamed shale 
Pecan Gap chalk Marlbrook marl (including 
aylor aac: memes Wolfe City sand Saratoga chalk) 
Annona tongue Annona chalk 


Upper Cretaceous. . Brownstown marl 
Unnamed clay and sand 


Blossom sand 
Austiachalky scheuuerueates 
‘ (including Ector chalk) }| Bingen group 


Eagle Ford clay...........] Eagle Ford formation 
Woodbine sand........... .| Woodbine sand Unconformity 





HOWER OVetaCeOUss a ia atereyre =. n12.chs als, © nye oa, e¥as¢ pss,0-0/e |4 Fredericksburg group Fredericksburg (locally ab- 


wane it 
Trinity group Tate group 


H {Frederic group Washita group 

PEUTISVAVALIAIAUT st DEMOS Vevasare cities eee ere lo iokeye Misteun vie ere oa tralabaraiels Gi zicishe softs liatets auqstantroresavere stataueeterate on ere 
[saris tah GA cite be ACN anton JR OOD ASCE EON OD CORSO OC IEC BOER atin Sueorine Gertie sap or 
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* New formation names introduced by W. C. Spooner in manuscript. 


There are adequate published descriptions of formations in 
Texas' except for the Wilcox, which has been made into a group of 
two or more formations, and the Austin and Annona chalks, the 
ages of which are not positively determined. 

The Wilcox in east Texas consists of lignitic sandy shales below 
and sands above. The lower part has been called the Lignitic’ and 


: Descriptive sections from well logs are given by F. Julius Fohs, “Structural and 
Stratigraphic Data of Northeast Texas Petroleum Area,” Econ. Geol., Vol. 18, 1923, 
JEL, eee, ‘ 


2. T. Dumble, Univ. of Texas Bull. 1869, 1918, p. 37. 
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the Indiot but the former term has suffered so many redefinitions 
that the latter is accepted. The upper part has been called the 
Carrizo sandstone in southwestern Texas and the Queen City sand 
in eastern Texas and has been placed in the Claiborne group until 
recently. The more widely accepted term Carrizo is used instead of 
Queen City.2 The Indio formation has yielded plant remains of 
Lower Wilcox age,’ foraminifera and ostracods, both above and be- 
low lignite beds‘—in more localities than have been published— 
and, in southwestern Texas, a fauna of lower Wilcox age. The Car- 
rizo sandstone in southwestern Texas has yielded plant remains of 
upper Wilcox age and at Sabinetown® and, possibly, at Palestine 
salt dome a fauna of upper Wilcox age. 

A division of the Wilcox is difficult to map except in limited 
areas and is not attempted in the detailed maps of the salt domes. 
The top of the Wilcox is likewise difficult to determine, and the 
boundaries in Figure 2 are taken from previous publications.’ 

Confusion of chalks has arisen because at least three are exposed 
at the outcrop in one county (Fannin): the Pecan Gap chalk mem- 
ber of the Taylor Marl, and the Ector tongue and Annona tongue of 
the Austin chalk. At least two chalks, the Pecan Gap and Austin, 
are recorded in well logs as far east as Cherokee County. In east 
central Texas both may carry a Taylor fauna, though not the same 
fauna, and in northern Louisiana the Annona chalk carries a Taylor 


t A. C. Trowbridge, “‘A Geologic Reconnaissance in the Gulf Coastal Plain of Texas 
Near the Rio Grande,” U.S. Geol. Surv. Professional Paper 131D, 1923; Alexander 
Deussen, “‘Geology of the Coastal Plain Region of Texas West of the Brazos River,”’ 
U.S. Geol. Surv. Professional Paper 126, 1924. 

2 Wm. Kennedy, “The Eocene Tertiary of Texas East of the Brazos River,” Acad. 
Nat. Sci. Proc. for 1895, 1896, p. 135; Geol. Surv. of Texas, Third Ann, Rept., 1892, p. 50; 
Alexander Deussen, U.S. Geol. Surv. Water 1914, p. 44. 

3E. T. Dumble, of. cit., p. 40; E. W. Berry, U.S. Geol. Surv. Professional Papers 
91H, 1916, 137A, 1923, 132E, 1925. 

4A, C. Trowbridge, op. cit., p. go. 

5 Julia A. Gardner, ‘“‘Fossiliferous Marine Wilcox in Texas,” Amer. Jour. Sci., 
Vol. 7, 1924, pp. 141-45. 

6G. D. Harris, Geol. Surv. of La., Report for 1898, p. 67. 

7G. D. Harris, U.S. Geol. Surv. Bull. 429, 1910; W. C. Thompson, “The Midway 
Limestone of Northeast Texas,” Amer. Assoc. Petroleum Geologists Bull., Vol. 6, 1922, 
p. 326; F. Julius Fohs, op. cit., Pl. 12; Alexander Deussen, U. S. Geol. Surv. Water 
Supply Paper 335; E. T. Dumble, Univ. of Texas Bull., 1860. 
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fauna. The upper part of the Annona in Louisiana (the Ananchytes 
zone of White Clifis, Arkansas) is paleontologically and lithological- 
ly the equivalent of the Pecan Gap of Texas and the lower part is 
equivalent to the lower part of the Pecan Gap or to associated chalk 
lentils. The paleontological equivalent of the Austin chalk in Louis- 
iana may be the Blossom sand and part of the Brownstown; the 
chalk itself is believed to lens out in Rusk County. The so-called 
“Woodbine” oil sands in Louisiana were thought to occur in and 
above the Eagle Ford and not to be equivalent to the Woodbine sand 
of Texas,’ but recent determinations by F. X. Bostick place them 
under the Buda limestone of Lower Cretaceous age on the Caddo 
Uplift.? 

A remarkable thickening of the stratigraphic section in east 
Texas is found from the middle of the Claiborne group through the 
beds of Taylor age, the lowest available for study, as shown in the 
cross-section, Plate I. The greatest thickening appears to be in the 
Wilcox and in the Taylor. Other formations can seldom be delim- 
ited in well logs. 

GEOLOGIC HISTORY 

Geologic history in the Gulf Coastal Plain is shrouded in the 
ancient and obscure Llanoria,’ a fragment of which is visible in the 
Llano-Burnett horst of central Texas. Wells east of, but close to this 
horst find pre-Cambrian schist or Cretaceous igneous rocks. Wells 
at Fort Worth and on the Preston anticline find Pennsylvanian 
shales beneath the Cretaceous. Wells elsewhere in the Coastal Plain 
except in Cooke, Grayson, and Denton counties and along the Red 
River in Lamar and Red River counties, Texas, have not gone 
through the Lower Cretaceous, but those which have reached older 
rocks indicate that the Sabine uplift is a portion of the Arbuckle 
Mountains uplift of Middle Pennsylvanian and Permian age (Fig. 1).4 

«G. C. Matson and O. B. Hopkins, ‘The De-Soto-Red River Oil and Gas Field, 
Louisiana,” U.S. Geol, Surv. Bull. 661, p. 115; W. M. Winton and Gaylor Scott, “The 
Geology of Johnson Co., Texas,” Univ. of Texas Bull. 2229, 1924, p. 31. 

2 Personal communication, September, 1925, from Mr. Bostick. 

3H. D. Miser, “Llanoria,” Am. Jour, Sci., Vol. 2, 1921, pp. 61-89. 


4 The writer postulates a buried extension of the Wichita Mountains with the “Red 
River arch” on the south flank and the Healdton-Criner hills on the north flank and a 
buried extension of the Arbuckle Hills to connect with or include the Sabine uplift, 
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Red potash salt was discovered by the Rycade Oil Corporation 
on the Markham Texas salt dome in 1924" and red algae from this 
salt have been identified by Professor Josephine E. Tilden of the 
University of Minnesota as Phormidium antiquum n. sp. identical 
with red algae collected by the writer in the Permian salt mine at 
Kanopolis, Kansas.? This discovery is the first positive evidence of 
the Permian age of the Gulf Coast salt, but nothing is known regard- 
ing associated sediments and possible local Permian basins between 
the truncated mountain ranges of Llanoria were not connected with 
the Permian basin of western Texas. 

Professor Charles Schuchert writes concerning the algae as fol- 
lows: 

It is clear what you have discovered, but the fact that the same apparent 
species of algae occur in the Permian salt of Kansas and in the salt of a salt dome 
of Texas does not prove at all that both salts are of the same age. Algae are such 
long-lived plants, and the fossil ones preserve so little of their original structures, 
that I think one should be cautious about saying that, on the basis of algae, the 
salt of the salt domes of Texas is to be correlated with the Permian. We need 


something in the way of fossils that is more dependable than algae, to deter- 
mine the age of the salt in the Texas salt domes.3 


Coastal Plain sedimentation as known from outcrops started in 
Lower Cretaceous time and Dumble‘ has called attention to the 
fact that the Trinity carries gypsum in Arkansas and in West Texas. 
Gypsum and anhydrite are also found in thick beds in the Lower 
Cretaceous in the Pine Island oil field, Louisiana. The Trinity is lo- 
cally red in southern Oklahoma and it may contain some salt. 

Lower Cretaceous sediments consisted of sand and sandy shale 
at the base overlain by limestone and shale, limestone being very 


marked by the Bailey Development Company well in northern Lamar County with 
schist at 1,880 feet and the Lady Alice well in northern Red River County, Texas, with 
schist at 1,673 feet south of a deep Lower Cretaceous trough proved by wells in sec. 2, T. 
13 S., R. 31 W., 3,363 feet deep, and in sec. 15, T. 13 S., R. 29 W., 3,780 feet deep, Little 
River County, Arkansas, both of which stopped in Lower Cretaceous. 


t E. DeGolyer, “Discovery of Potash Salts and Fossil Algae in Texas Salt Dome,” 
Am. Assoc. Petroleum Geologists Bull., Vol. 9, 1925, pp. 348-40. 


2 Personal communication from Professor Tilden. 
3 Letter, October 5, 1925. 
4K. T. Dumble, Amer. Inst. Min. Engrs. Bull. 143, 1918, p. 1634. 
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abundant. The Lower Cretaceous has been divided into three groups 
of formations of which the Trinity at the base has become of great 
economic importance since the discovery of oil and gas in the Glen 
Rose formation on the Sabine uplift. This uplift is now proved to 
have existed as early as middle Lower Cretaceous time because the 
Trinity sediments are relatively steeply folded in the Pine Island 
oil field, and are unconformably overlain by gently folded sediments 
of the Washita group, the Fredericksburg group being absent. The 
“Woodbine” oil sands and red shales of the Washita group may rep- 
resent another period of uplift and the absence of the Woodbine 
formation of Texas indicates a period of erosion after deposition of 
the Buda limestone. 

Upper Cretaceous sediments rest unconformably on the older 
series and overlap them in Arkansas. The younger series consists of 
Eagle Ford shales at the base overlain by marls and shales with one 
or more chalk horizons. Another disconformity separates the Upper 
Cretaceous from the marine Midway formation of the Eocene which 
contains limestone in east Texas. A largely non-marine sandy phase, 
the Wilcox group, follows the long succession of marine strata. The 
Wilcox is disconformable on the Midway and overlaps it in Arkansas. 
The lower part of the Wilcox does not cover the Sabine uplift. 
Eocene sediments in the Eastern Texas geosyncline are thicker than 
in the corresponding Louisiana geosyncline. Renewed uplift took 
place at least as early as the beginning of Wilcox time. The Clai- 
borne group of sediments lies disconformably upon the Wilcox 
group and the complete Claiborne series was probably never depos- 
ited on the Sabine uplift. This uplift took the form of an enormous 
terrace with a north-south axis, but did not assume its present out- 
line until later because younger sediments are more steeply tilted 
south of it than in the geosynclines on either side. 

The interior salt domes of Louisiana and Texas have had similar 
life histories. The salt was derived from the same horizon in Per- 
mian sediments. The domes commenced growing by salt flowage 
at the same time probably in the Lower Cretaceous, according 
to Spooner, and may have had later contemporaneous periods of 


1 Personal communication from W. C. Spooner. Locally the hiatus is greater than 
shown by Berry (U.S. Geol. Surv., Professional Paper 132 E, 1924). 


220 SIDNEY POWERS 


growth. Uplift was not pronounced until late in Wilcox sedimenta- 
tion and then only in Texas where the Wilcox is steeply tilted where- 
ever exposed on the flanks of the domes. The Claiborne beds show 
less tilting. Growth of the domes did not permanently cease, how- 
ever, until after the Claiborne sediments were deposited because they 
are uplifted in several Louisiana domes. Whether or not uplift con- 
tinued into the Oligocene as in the semi-interior domes, Brenham, 
in Texas and Pine Prairie in Louisiana, or even into more recent 
time, is uncertain, but possible.’ 

Dome formation was probably initiated by deep seated faulting 
corresponding to the shearing visible in the Tahlequah (Ozark) up- 
lift and in the Pennsylvanian sediments in Oklahoma and also ex- 
posed in the pre-Cambrian of the Llano-Burnet region. It was genet- 
ically connected with the movements which brought about the 
formation of the Sabine uplift, the corresponding Llano-Burnet 
horst, and the Balcones and Mexia fault zones and intervening 
graben and other lines of faulting yet to be discovered. These move- 
ments were the breaking down of the Coastal Plain with a shearing 
stress which created fault zones—or rejuvenated old lines of weak- 
ness according to Dr. Udden? 

A second period of folding affected the salt domes and the Sabine 
uplift. It followed the deposition of the Claiborne group and pre- 
ceded the deposition of the Oligocene. The compression was from 
north to south, or, more exactly, from north-northwest to south- 
southeast, forming the cross axes and domes on the Sabine uplift and 
the other numerous domes and anticlines of northern Lousiana and 
northeastern Texas and defining both the Sabine and Monroe up- 
lifts in their present form. Faulting, as revealed at Homer, Bull 
Bayou, Stephens, Irma, Smackover, and elsewhere accompanied 
this movement. 


t Charles Schuchert (Discussion of paper by DeGolyer, Amer. Assoc. Petroleum 
Geologists Bull., Vol. 9, 1925, p. 872) suggests that the salt domes are due to faulting of 
Llanoria during Cenozoic times and chiefly previous to the Miocene. The coastal domes 
were intruded after Jackson time and the earlier Oligocene sediments pinch out against 
them. 


2J. A. Udden, Amer. Inst. Min. Engrs. Trans., Vol. 57, 1918, p. 1086. 
3 Sidney Powers, ““The Sabine Uplift, Louisiana,” Amer. Assoc. Petroleum Geologists 


Bull., Vol. 4, 1920, pp. 117-36. The mechanics of the faulting is discussed by Heath 
Robinson, Econ. Geol., Vol. 18, 1923, pp. 722-31. 
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Volcanic activity started in northern Louisiana and southern 
Arkansas near the close of the Lower Cretaceous with a great thick- 
ness of tuffs and other ejectamenta which have been found in one 
well in the Monroe gas field? and in the outcrop of the Bingen forma- 
tion in Arkansas and Oklahoma. Active volcanoes were numerous 
near Murfreesboro, Arkansas, and Uvalde, Lockhart, Thrall, and 
north of Spofford, Texas, and in the Burro Mountains, Mexico, dur- 
ing Taylor sedimentation. Volcanoes in west Texas showered a large 
part of Texas with ashes in Jackson (Frio), Eocene time. This vol- 
canic activity does not have aproved connection with the salt domes. 


COMPARISON OF INTERIOR DOMES OF TEXAS AND LOUISIANA 
TABULATION 


Table II summarizes the most important characteristics of the 

recognized interior domes. 
TOPOGRAPHY 

Physiographic expression of interior salt domes may take one of 
several types depending largely upon the proximity of the salt to the 
surface and to the amount of uplift of the formation normally at the 
surface. The surface manifestations of interior salt domes are as fol- 
lows: (1) saline prairies or salt licks; (2) lakes with or without sur- 
face outlet, often fed by circular drainage; (3) springs or water wells 
usually slightly mineralized; (4) circular drainage system around a 
central hill or around a circular row of hills within which lies a 
saline prairie or lake; (5) exposures of tilted rocks; (6) exposures of 
cap rock or of formations older than those normally found in the 
region; (7) cap rock, salt, or rock of formations normally deeply 
buried found at shallow depths in wells; (8) soils of unusual nature 
which may contain calcite crystals or other vein-forming minerals 
with or without slickensides. 

Saline prairies not connected with salt domes are found through- 
out the Gulf Coastal plain? and their origin is connected with the 

t The Palmer Trust well in SE. cor. NE. 4, sec. 3, T. 18 N., R. 5 E., found volcanic 
rock from 2,221 to 3,427 feet underlain by Lower Cretaceous (Washita?) sediments. 


M.N. Bramlette, Amer. Assoc. Petroleum Geologists Bull., Vol. 8, 1924, pp. 342-46 
Also, A. F. Crider, “Volcanic Ash in Northern Louisiana,” zbid., p. 524. 

2 These are mapped by G. D. Harris, “Oil and Gas in Louisiana,” U.S. Geol. Surv. 
Bull. 429, 1910, Pl. 12; they are described by E. T. Dumble, “The Geology of East 
Texas,” Univ. of Texas, Bull. 1869, 1920, p. 309. 
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presence near the surface of rocks containing small quantities of salt 
or with normally shallow connate salt water brought to the surface 
along joints and fault planes. Sufficient salt is found in this water to 
permit salt manufacture by evaporation. Excellent exposures of 
rock with normal dip are found near some of these salines. 

Springs and small mounds’ are characteristic of salt domes. If 
the salt is near the surface, salt water issues in salines and “‘licks”’ 
and furnishes the salt evaporated at a number of domes during the 
Civil War. Sulphur, alum, and other mineralized springs are com- 
mon and deserve more attention than has been devoted to them. 


COMPOSITION 


All interior domes are cylindrical plugs over a mile in height with 
a diameter within 3,000 feet of the surface of $ mile to 13 miles. At 
Grand Saline the top of the core of salt was found in one well at 
306 feet and in a well { mile away the salt was not reached at 3,842 
feet. The salt core is so nearly cylindrical that wells which enter 
salt seldom find either sedimentary rock or cap rock beneath. In 
places wells find alternating beds of salt and shale or cap rock, or 
else stringers of salt. 

The tops of most interior salt domes have been eroded and the 


« The origin of the small mounds is a mooted point because different mounds are 
formed from different causes. The following is an incomplete list of references discussing 
their origin: 

A. C. Veatch, U.S. Geol. Surv. Professional Paper 46, 1906, p. 55. 

M. R. Campbell, ‘Natural Mounds,” Jour. Geol., Vol. 14, 1906, pp. 708-17 (Bibli- 
ography). 

J. A. Udden, “The Origin of Small Sand Mounds in the Gulf Coast Country,” Science, 
U.S., Vol. 23, 1906, p. 849. 

W. H. Hobbs, ‘“‘Some Topographic Features Formed at the Time of Earthquakes and 
the Origin of Mounds in the Gulf Coastal Plain,” Amer. Jour. Sct. (4), Vol. 23, 
1907, P. 245. 

C. H. Gordon, U.S. Geol. Surv. Water Supply Paper 276, 1911, p. 32. 

G. C. Matson, U.S. Geol. Surv. Bull. 519, 1916, p. 12. 

William Kennedy, Southwestern (Amer.) Assoc. Petroleum Geologists Bull., Vol. 1, 1917, 
p. 41. 

E. G. Woodruff, zbid., p. 81. 

G. S. Rogers, Amer. Inst. Min. Engrs. Bull. 136, 1918, p. 285. 

R. T. Hill, Dallas Morning News, October 2, 1919. 

Sidney Powers, Amer. Jour. Sci. (4), Vol. 49, 1920, p. 132. 

T. L. Bailey, Univ. of Texas Bull. 2333, 1924, pp. 22-30 (cites example of mound 20 
feet in diameter which has risen under a house). 
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surface of the salt is reached at from 200 to 300 feet. The surface of 
the salt where thus eroded is horizontal and the overlying sediments 
are probably in part secondary wash deposits. 

The salt in salt domes is very pure sodium chloride (96-99 per 
cent) and is similar to that in bedded deposits. The colorless salt is 
streaked with black bands as in bedded deposits of Kansas, but these 
are contorted and squeezed by the intrusion of the salt plug so that 
a photograph of the salt resembles one of schist.? The streaks, ac- 
cording to Harris,’ ‘are not caused by any dark substance in the 
salt, but by the absorption of the rays of light by minute particles 
of seemingly clear anhydrite. This is proved first by dissolving some 
of the streak salt in fresh water and noting the ‘sand,’ as the miners 
say, that settles at the bottom.” He gives the following analyses of 
salt from Avery’s Island to substantiate his conclusions :4 





Colorless Salt Black Salt 
Nas Caan, gears re ren ietretere 99.10 96.53 
FOR ee troy eee eet 5106) 20 
Water insoluble Ca SQ,....... 728) 2.16 
Water soluble Ca SO,......... 38 TEOS, 
99.76 99.94 


Veatch states that ‘the black salt on Petite Anse (Avery’s Island) 
shows about seven per cent of insoluble matter, part of which is 
gypsum and the Belle Isle black salt shows about the same amount 
of insoluble matter, part of which, although a much smaller amount, 
is gypsum.”’> Black streaks in bedded deposits may also be caused 
by interbedded shales or clay or organic matter.® The only other 


* Chemical analyses may be found in the reports by Harris and by Veatch, cited 
below, and in U. S. Geol. Surv. Bulls. 669, 605, 736G; and in A. W. Grabau, Geology of 
the Non-Metallic Mineral Deposits Other Than Silicates, Vol. 1, Principles of Salt Deposi- 
tion, New York, 1922. 


2G. S. Rogers, “Intrusive Origin of the Gulf Coast Salt Domes,” Econ. Geol., Vol. 
13, 1918, p. 468. 

3G. D. Harris, “Louisiana,” Geol. Surv. Bull. 7, 1908, p. 7. 

4 [bid., p. 16. 

SA. C, Veatch, “The Five Islands,” Louisiana Geol. Surv. Report for 1899, p. 226. 


6 W. C. Phalen, Personal Communication; also, Science, U. S., Vol. 55, 1923, pp. 
479-80. 
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known impurities in the salt of salt domes is a very small amount of 
sandstone, colored red by hematite in the Avery’s Island Mine.’ Red 
salt containing sylvite has been found on the flank of only one salt 
dome—Markham. 

Cap rocks are very thin shells in the case of most eroded cores. 
There is cap rock in the center of the dome and the cap on the side 
increases in thickness as the edge of the dome is reached. The thick- 
ness varies from a few to so feet. At Winnfield marble quarry, 
Louisiana, the cap rock is exposed at the surface and is 1,000 feet 
thick. Cap rock may be’ found interfingered with the sedimentary 
rocks as in the Tampico Oil Company’s well at Winnfield and more 
rarely with the salt. The cap rock is in general a thimble confined to 
the top of the dome and is apparently formed and replaced after the 
core stops growing. Cap rock may be formed at the end of each 
period of renewed growth of the dome and apparently this has been 
the case at Winnfield. 

The composition of cap rock is usually anhydrite, gypsum, lime- 
stone, or sulphur as described by Goldman.? The cap rock of the 
interior domes of Texas, where known, is limestone. 


GRAND SALINE SALT DOME 
LOCATION, HISTORY, AND SALT PRODUCTION 


Grand Saline, formerly called Jordan’s saline, was Cherokee 
Indian land and is near the northern end of the Spanish land grants. 
It is located in northeastern Van Zandt County on the Samuel Bell 
survey. The town of Grand Saline is situated on the northern rim 
of the dome and the Texas and Pacific Railroad crosses the north 
side of it. Sabine River is 4 miles northeast of the dome. 

Salt was evaporated by the Indians and later by the white settlers starting in 


1845. Fred Ham installed the first kettles in 1853 and sold the land to S. Q. 
Richardson in 1359 who put in a more elaborate plant, a pump operated by a 


1G. S. Rogers, ibid., p. 471. 

2M. I. Goldman, “‘Petrography of Salt Dome Cap Rock,” Am. Assoc. Petroleum 
Geologists Bull., Vol. 9, 1925, pp. 42-78. See also, E. DeGolyer, “Origin of the Cap Rock 
of the Gulf Coast Salt Domes,” Econ. Geol., Vol. 13, 1918, pp. 616-20; C. W. Wash- 
burne, ‘Oil Field Brines,” Amer. Inst. Min. Engrs. Bull. 164, 1920, pp. 3-13; E. De- 
Golyer,” ‘Origin of North American Salt Domes,” Am, Assoc. Petroleum Geologists Bull., 
Vol. 9, 1925, Pp. 831-74. 
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mule and a pipe line of hollowed wooden logs. It was visited by the Army of the 
Republic of Texas under Gen. K. H. Douglas on July 18, 1839. 
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Fic. 3.—Topographic map of Grand Saline salt dome reproduced from U. S. Geol. 
Survey Bulletin 736. The figures at the side of wells refer to their depth. The wells 
nearest to the railroad station both east and west are salt wells. This dome is an 


excellent illustration of the physiographic type of dome with a central saline surrounded 
by hills. 


During the Civil War evaporation of salt took place on an extensive scale, 
too tons a day being recovered. The present plant recovers 160 tons a day and 


t Wentworth Manning, Some History of Van Zandt County, Wills Point, Texas, 
1919, p. 146. 


INTERIOR SALT DOMES OF TEXAS 227 


the plant at Palestine salt dome 120 tons. The maximum production at Steen 
Saline during the war was probably 120 tons a day and the larger figure (1,200 
tons) given by Burleson? in 1874 may have been a typographical error. 

Richardson erected a plant at the northeastern edge of the salt core near the 
railroad and converted it into steam evaporation about 1888. The first salt 
well at Grand Saline was drilled for him by Marsden at about this time. The 
plant was enlarged about 1900 to a capacity of 750 barrels weighing 280 lbs. 
each and was operated from 1905 until r919 by T. S. McGrain as the Grand 
Saline Salt Company. After two fires the property was sold to the Morton Salt 
Company and operations ceased. 

Major Parsons erected the,first plant for steam operation at Grand Saline 
on the southwest side of the town about 1886. The Lone Star Salt Company, 
Henry Blount, Southern Salt Company, and Fiedler Salt Company properties 
all located near together, were absorbed by B. W. Carrington and Company 
between 1902 and 1906 and later transferred to the Morton Salt Company. The 
capacity of the Morton plant has grown from 500 to 2,000 barrels a day. 

Data concerning salt production has been furnished by Mr. McGrain of 
Grand Saline and by Mr. B. W. Carrington of Dallas. The total quantity of 
salt produced from the dome is estimated at 1 million tons or 28 million cubic 
feet or sufficient salt to lower the surface of the ground 4 feet over an area of 4 
square mile. Actual removal of salt has been confined to the northern end of 
the salt core and the cap rock over the salt minimizes the amount of subsidence 
at the surface. 

More salt has been removed from Grand Saline than from Palestine dome. 
Comparative production figures for the two domes from the beginning of com- 
mercial mining through 1923 where salt is secured by wells as contrasted with 
the two where salt is actually mined are as follows: Grand Saline, 1,000,000 
tons, Palestine 500,000 tons,? Avery’s Island, Louisiana, 2,578,399 tons, Weeks 
Island, Louisiana, 1,500,000 tons. 


TOPOGRAPHY 


Grand Saline is an excellent example of the type of salt dome with 
a central depression over the salt surrounded by a single ring of hills. 
If there is concentric drainage it is beyond the limits of the area map- 
ped in Figure 3. The depression consists of a barren prairie with 
pools of water and a salt marsh drained by Saline Creek, which flows 
eastward to Sabine River. The creek formerly flowed through a 
channel north of its present course. Another example of a “wind 
gap” similar to this abandoned channel is to be observed at Palestine 

t Texas Geol. and Agr. Survey First Ann. Rept., Houston, 1874, p. 223. 


2 Mineral Statistics of the U. S. Geol. Surv., give the total production for Texas to 
the close of 1923 as above 12,000,000 barrels or 1,750,000 tons. 
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salt dome. Fresh and brackish water springs surround Grand Saline 
as well as all other salt dome salines in eastern Texas. 

Solution and removal of salt has not appreciably lowered the 
surface of the saline although very slow subsidence undoubtedly pro- 
ceeds continuously. Several salt wells have caved, producing small 
craters. 

The subdued topography is characteristic of the lower part of the 
Wilcox group. The hills west and north of the saline show outcrops 
in fresh cuts but the hills on the south and southeast sides are cov- 
ered with sand which prevents the formation of fresh exposures. 


GEOLOGY 


Surface geology.—Grand Saline is nearer the outcrop of the Cre- 
taceous formations than any other salt dome in Texas. Around it 
only the Lower Wilcox (Indio) is exposed. The salt core is overlain 
by Wilcox and by material which has washed in as the salt has been 
dissolved. It is 12 miles from Grand Saline to the base of the Wilcox 
near Wills Point and this group is 500 feet thick in the Lindsey well 
on the west flank of the uplift. The Wilcox consists typically of 
sandy shales and sandstones with thin ironstone concretionary beds 
and lignite beds. Plant impressions were noticed in the shales on the 
west side of the dome near the reservoir for the salt works. 

Underground geology.—A number of shallow salt wells and three 
tests for oil have been drilled on the top and sides of the salt core. 
The logs of the wells are given in Bulletin 736 of the United States 
Geological Survey. The first test for oil, drilled by A. Wilderspin in 
1902 to a depth of 875 feet, was located southwest of the dome and is 
shown near the edge of the map, Figure 4. The Hallville Oil and 
Gas Company Lindsey No. 1, on the west side of the dome is within 
the area underlain by the salt core and reached salt at 306 feet. Their 
Lindsey No. 2 was located } mile west and did not reach the salt to a 
depth of 3,842 feet. The correlation of formations in this well has 
been the subject of great discussion because accurate correlations 
from rotary well cuttings without cores cannot be made. The base 
of the Wilcox is 645 (?) feet, the Pecan Gap chalk member of the 
Taylor marl was found from 2,664 to 2,740 feet and the Wolfe City 
sand member of the same formation from 2,740 to 2,960 feet. Dr. 
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L. W. Stephenson, of the United States Geological Survey, from a 
megascopic study, and Miss A. C. Ellisor from a microscopic study 
of cuttings agree that this well, with a total depth of 3,842 feet never 
reached the Austin chalk or a fauna of Austin age, but Miss Kniker, 
has found an Austin microfauna. The log of the Jewell and North 
Texas Oil Company’s Davis No. 1, 4% miles southeast of Grand 
Saline, on the J. J. Moore Survey, drilled to 4,093 feet shows limey 
material from 3,852 to 3,998 feet but this has not been identified. 

The cross-section of the dome, Figure 4, has been drawn to scale 
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Fic. 4.—Cross-section of Grand Saline salt dome from west to northeast along the 
line A-B of Fig. 3 showing the location of the salt wells of Lindsey Nos. 1 and 2, and 
the small amount of uplift of strata adjoining the core of salt which is about 14 miles 
in diameter. Erosion has truncated the top of the salt core, but has not revealed what 
has become of the sedimentary rocks from the space now occupied by the salt. 


after a study of logs of wells in Van Zandt County. A normal colum- 
nar section of the Eocene and Upper Cretaceous is believed to be as 
follows: 





\Allcopeta roel oes oo ations ikea oat alpea ck 650 
Midway and Navarro formations.......... 1,950 
Taylor, including Pecan Gap chalk........ 800 
Austin, Eagle Ford and Woodbine......... I ,000 

4,400 


The salt wells are difficult to locate and describe because of oc- 
casional changes in the numbering scheme, but they are shown on 
the map of the dome. One group of four wells drilled by the Grand 
Saline Salt Company, but no longer used, is located 4 mile east of 
the railroad station and south of the track. The next well farther 
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east (east of the town) is the Richardson well drilled by Marsden. 
The other wells shown on the eastern edge of the map did not reach 
salt. The original Lone Star Salt Company well is located near one 
of the buildings of the Morton plant a short distance west of the 
railroad station and north of the track.! The other Morton wells are 
located south of the track and west of the railroad station and as 
numbered by the superintendent, Mr. R. A. Egbert, may be de- 
scribed with reference to an imaginary square as follows: No. 1, 
NE. corner; No. 2 SE. corner; No. 3 SW. corner; No. 4 NW. corner; 
No. 5 center; No. 6, a short distance east of No. 4. Wells No. 2, 
3, 5, and 6 are in use in February, 1924. The logs of the wells drilled 
in 1918 (Nos. 3 and 4) and in 1923 (Nos. 5 and 6) are given below. 











TABLE III 
No. 3 No. 4 No. 5 No. 6 
Feet Feet Feet Feet 
o-5 | Clay o-8 | Clay o-2 | Sand o-3 | Sand 
30 | Packed sand 20 | Packed sand z2:) Clay 15 | Clay 
80 | Quick sand go | Quick sand too | Sand Ioo | Sand 
125 | Blue mud 210 | Blue mud 120 | Shale 125 | Shale 
148 | Soapstone 212 | Pyrite 145 | Soapstone 143 | Sandy shale 
187 | Chalk 238 | Lime 155 | Gumbo 156 | Gumbo 
195 | Soapstone 400 | Salt 164 | Soft lime 170 | Sandy shale 
207 | Hard sand 169 | Lime and pyrite 172 | Pyrite 
223 | Blue sand 185 | Chalk 180 | Chalk 
225 | Pyrite 196 | Gravel 203 | Black lime 
235 | Hard blue sand 197%] Cavity 210 | Gravel 
240 | White lime 204 | Quicksand 2264] Hard lime 
402 | Salt 210 | Black lime 228 | Cavity 
225 | Chalk 245 | Shale 
226 | Cavity 403 | Salt 
240 | Shale 
404 | Salt 





The depth of the top of the salt in feet in various wells is as follows: Morton No. 1, 235; No. 2, 2353 
No. 3, 240; No. 4, 238; No. 5, 240; No. 6, 245; Grand Saline Salt Co. No. 1, 245; No. 2, 235; Richardson- 
Marsden well, 212. Information regarding the two other Grand Saline Salt Company wells is lacking. 
Lindsey No. 1 found salt at 306 feet. It appears that the salt has been dissolved over the core to a uniform 
depth and that solution of the salt and subsidence of the roof progressed slowly with the normal erosion 
at the surface and gradual lowering of the ground water table. 


One more well, not numbered, was drilled to 236 feet in 1918 without 
finding salt and was abandoned. 

Limestone and gypsum cap rock overlies the salt and in it casing 
of the salt wells is set. The new wells report cavities on top of the 
salt which may be due to solution since the first wells are drilled, but 


* The log is given by William Kennedy, Geol. Surv. of Texas Third Ann. Report, 
1892, p. 76, is 359 feet deep. It is reproduced on p. 220, U. S. Geol. Surv. Bull. 736. 
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the wells do not seem to have underground connection. The shale 
below the cavities in two wells may have been washed in from 
abandoned wells. The thickness of the cap rock varies from 16 to 
45 feet. Oil is reported in two wells probably in the cap rock. Water 
sand is found below the cap rock in some wells and this water fur- 
nishes a permanent supply to be pumped from the bottom of the 
wells drilled 100 to 200 feet into the salt. In other wells and at the 
Palestine dome water must be pumped into the wells.. A thick cap 
rock is necessary for successful salt recovery by wells because other- 
wise, as at Lindsey No. 1, the shale caves too badly. 

Structure.—Dip arrows and degree readings in Figure 3 show the 
quaquaversal folding with a rapid gradation from 20° dips on the 
inner edge of the bed rock and the outer edge of the wash deposits 
over the salt core to 1° dips 3 mile away. It is important to note that 
the salt was formerly in contact with the present inner edge of bed 
rock and that the original top of the salt core was probably higher 
than the present surface of the saline prairie (Fig. 3). A plunge of 
over 3,800 feet in 7 mile between Lindsey Nos. 1 and 2 in the outer 
edge of the salt core shows that the core must be a cylindrical plug 
rising from unknown depths. The original top of the salt plug must 
have been rounded like that of Jefferson Island, Louisiana. 

Interior salt domes are very much smaller and sharper folds than 
ordinary structural domes in sedimentary formations. The diameter 
of the Grand Saline salt core is at least 1 mile and probably 13 miles, 
and that of the surrounding uplift 4 mile. The Lindsey No. 2 log 
proves the insignificance of the uplift within 4 mile of the salt core. 
The total area affected at the present land surface is 24 miles in 
diameter and the amount of uplift of the exposed Wilcox beds less 
than 500 feet. 

STEEN SALT DOME 
LOCATION AND HISTORY 

The Steen salt dome is in northern Smith County (Fig. 5), 55 
miles east of Lindale, r4 miles north of Tyler, and 2} miles south of 
Sabine River. With reference to the Spanish grants it is in the north- 
east corner of the M. de los Angeles Carmona league. This dome is 
24 miles southeast of Grand Saline and 27 miles northeast of Brooks 
salt dome. It is the northernmost of the five which are roughly 
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aligned. It is 26 miles southeast of Grand Saline and the same dis- 
tance north of Brooks Saline. 


A man named Stein or Steen appears to have acquired the saline about 1866 
after the Cherokee Indians were moved to Indian Territory and his name, 
spelled Steen because of the way in which it was pronounced, has become at- 
tached to it. The patentee of a nearby Survey was John Steen and the early re- 
ports used this spelling. Little is known of the exploitation of the saline except 
that 3,000 people were engaged in making salt on it during the Civil War, and 
that the output is reported to have been 12,000 (?) sacks (1,200) tons' daily with 
20 furnaces making a bushel of salt from every 190 gallons of water whereas at 
Brooks Saline only 100 sacks were made with 7 furnaces making a bushel from 
300 gallons of water. In Louisiana during the war too bushels of salt a day were 
made at Drake’s Saline, 1,000 bushels at Rayburn’s Saline, and 350 bushels at 
Price’s Saline. 

Wm. C. Scott owned the saline for many years and quarried the calcareous 
limestone on its west side in 1868-70 burning lime in kilns at the quarry and 
using it in mortar for houses in Tyler. Silver was sought in the same rock, 
probably in galena, but the silver was proved by J. H. Herndon to be a myth. 
No galena has been observed in this rock by the writer. 

Two wells were drilled for salt on the Scott estate about 1902 by Lestergett 
and their depths are reported to have been between 400 and 600 feet. Little is 
known regarding them and the belief that they reached salt at a depth of about 
300 feet and below a hard cap rock cannot be verified. The Lindale Oil Com- 
pany drilled a well on the Winters farm in 1920 as described below. W. F. Weeks 
et al. drilled a well on the Pierce farm in 1924, and found limestone cap rock from 
75 to 207 feet, the total depth in August, 1925. It seems desirable to test these 
domes by a radial row of wells starting near the salt rather than to scatter 
locations around the dome and thereby merely outline the salt body for the 
benefit of the next prospector. 


TOPOGRAPHY 


Steen dome consists of a central saline marsh surrounded by a 
ring of low hills which are in turn surrounded by high hills. Trees 
cover the hills west of the saline and hide the topography. Dense 
underbrush and trees have encroached on the saline and very little 
bare ground is left. The swamp is about 6,000 feet long and 2,000 
feet wide at the widest point. The saline during the Civil War cov- 
ered ro acres. The elevation of the lake is about 350 feet. 

Saline Creek, flowing from south to north and emptying into 
the Sabine River, forms the swamp. Numerous springs empty into 


? This is evidently a typographical error for 1,200 sacks. 
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the swamp, but they are not as noticeable as around other domes 
because the swamp — almost the entire 2 Undoubt- 
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Fic. 5.—Topographic map of Steen salt dome reproduced with minor additions 
from Bulletin 736. This is another example of a central saline surrounded by hills. 
Circular drainage is beginning to develop outside the inner rim of hills, 


H.H.GINN hte GOODMAN & WIFE M.C. 





edly the springs represent artesian water from sands of Wilcox age 
brought up along the outcrop and along faults and joints at the edge 
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of the salt core. A sulphur spring occurs in the northeast quadrant 
of the dome. 

The topography is shown in Figure 5. The inner rim of hills rises 
60 feet above the saline, the outer rim 150 to 250 feet. Radical drain- 
age into the saline has formed the inner rim of hills from topographic 
benches of an earlier erosion cycle. Circular drainage is developing 
east of the saline and two small valleys are being cut behind the 
lower hills on the west side. 

GEOLOGY 

Surface geology.—Steen and Brooks salines lie in the area of the 
dissected Mount Selman formation which produces a pronounced 
wold and striking hills capped by very hard and resistant red fer- 
ruginous sandstone and iron ore. The outer rim of hills surrounding 
Steen Saline is composed of these sandstones dipping gently away 
from the dome. The most interesting observed outcrop of the Mount 
Selman formation is on the ridge south of the Winters well where a 
fault forms a “‘stone fence.” 

Soft red sandstone classified as Carrizo underlies the Mount 
Selman in Todd Mountain. Mount Selman iron ores, similar to those 
on Todd Mountain, shown at the southeast corner of Figure 5, were 
formerly mined at Rusk, in Cherokee County. 

Lower Wilcox (Indio formation) sandy shales and sandstones, 
usually identified by the presence of lignite or of shales of lavender 
color, bearing plant impressions, underlie the Carrizo sandstone. 
The low hills and terraces surrounding the saline are underlain by 
beds of Wilcox age and exposures may be found in gullies. There is 
a marked discordance of dip between these sandy shales and the 
ironstones of the Mount Selman which may be observed on the west 
and southeast sides of the dome. 

Calcareous sandstones and calcareous concretions crop out on 
five hills west of the center of the saline where they have been quar- 
ried. Another exposure is in a small creek which is developing a 
circular drainage pattern east of the center of the saline. Similar 
rocks are exposed at the south end of the lake. In Bulletin 736 of 
the United States Geological Survey the exposures on the west side 
were described as possibly of Midway age, but the later discovery of 
obscure plant fragments at the quarry indicates Wilcox age. The 
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sandstone is lithologically the same as that in West Point Mountain 
at Butler dome containing Wilcox plants. At the quarry, which was 
worked in 1868, a massive bed of gray calcareous sandstone 12 to 15 
feet thick forms a miniature hogback with a strike N. 25° E. and 
dip 40° W. A second ridge of similar rock is found sco feet west of 
the quarry and another outcrop occurs on the hill north of the quarry. 
The other hills are covered with ironstone concretions and remnants 
of the Mount Selman beds. The lime cementation is probably of very 
local occurrence and represents a secondary concentration corre- 
sponding to the iron in the ferruginous sandstone. 

On the east side of the dome an exposure described in Bulletin 7 36 
on the Mrs. Pierce farm is now concealed but another exposure of 
calcareous gray sandstone was found southeast of the farmhouse. 
The dip is N. 70° E.<20°. This bed is one foot thick, is highly 
jointed, and is so locally impregnated with lime that it does not 
crop out in the ploughed field up the dip. The presence of lignite 
in the water well at the farmhouse in lower beds as well as in water 
wells at houses near the main highway on the C. E. Hicks farm indi- 
cates that the calcareous rock is of Wilcox age. 

No exposures of older rocks have been found- but local inhabit- 
ants report that many years ago fossiliferous shale was exposed in 
the first large branch north of the “limestone” quarry. The avail- 
able stratigraphic section does not tend to verify this report. 

The thickness of the Wilcox section below the “limestone” on 
the east side of the saline is over 100 feet and possibly 200 feet. The 
interval from this bed to the lowest ferruginous sandstone, near the 
Winters well is unknown. Between this later outcrop, which may 
be the base of the Carrizo sand, and the top of the hills 300 feet of 
Carrizo sandstone (?) is exposed. 

Underground geology.—The only available information regarding 
the subsurface geology is from an analysis of the Winters log. This 
well starts in the Wilcox and must have passed through several 
hundred feet of this formation. The sand from 412 to 488 feet may 
be the base of the Wilcox. Gumbo, shale, and rock with only one 
thin sand from 488 to 2,495 feet must represent the Midway and the 
upper part of the Upper Cretaceous. Alternating sand and shale 
from 2,495 to 2,525 feet and alternating limestone and gumbo from 
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2,525 to 2,551 feet may represent the Pecan Gap chalk member of 
the Taylor marl. Shale and sand from 2,551 to the bottom of the 
hole at 2,630 feet may represent the Wolfe City member of the 
Taylor marl or the Pecan Gap chalk (Fig. 6). 

The normal section may be as follows: 





Walcoxcroup ee eae cere ort rer 1,100 
Midway and Navarro formations.......... 1,900 
Taylor including Pecan Gap chalk......... 1,000 

4,000 


Structure—Quaquaversal folding with dips of 30° to 70° in the 
Wilcox surround the saline. Intrusion of the salt core has pressed 
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WEST EAST 
Fic. 6.—Cross-section of Steen salt dome from west to southeast along the line 
A-B of Fig. 5. The salt core is probably cylindrical in form because the area of uplift 
is small and the Winters well (W. No. 1) showed only slight uplift. 


back the surrounding beds, but the effect of the intrusion diminishes 
rapidly away from the dome. Dips of 2° to 10° in the Mount Selman 
formation capping the outer rim of hills extend so near the steeply 
dipping Wilcox beds on the west and southeast sides of the dome 
that the relationship may be explained at a local unconformity. The 
Carrizo sandstone may be locally unconformable with the Indio 
formation of the ferruginous sandy beds on the west side of the dome 
near the “limestone” quarry. The amount of uplift of the strata 
nearest the salt core is about 500 feet. 

A fault, marked by a “stone fence” of ferruginous red sandstone 
5 feet in thickness, is found on the north flank of Todd Mountain 
and on the southeast side of the dome. The strike of the fault is N. 
40° W., and the downthrow is 60 feet or more on the northeast side’ 
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BROOKS SALT DOME 
LOCATION AND HISTORY 
Brooks salt dome (Fig. 7) is in the extreme southwestern corner 


of Smith County, 6 miles west of Bullard 


















































The upturned sandstone ridge is on the downthrown side. Slicken- 
sided surfaces of the sandstone indicate that the movement was 


Zo\ 
* TION 40: \ 
7 | ) 
Yas Vege wi 
EU 
NNIWOW TV Br, 
LL, 
q Ve 
ieee ov/tfonvievw 
17500 
4 - 2 @D0y 4 48PIOM ae 
s Wity 4 
As} x 
k, = 
i} OYVGIG TL HYPITZ OQFIAINO SYWOHL oc tl dee Ay TS NOSNIYFIS HIIYY YM 
> ee a 


ZN 424IW 
WRN STAI 


Vv 








238 SIDNEY POWERS 


Tyler, and 27 miles southwest of Steen dome. The saline prairie 
covers about 200 acres of the west half of the Pedro Elias Bean 
league. 

Salt was evaporated here during the Civil War from salt water collected in 
shallow wells about 4 feet square and deep lined with wooden curbing. Seven 
furnaces were operated on the east side of the prairie and the production was 
10 tons a day, 300 gallons of water making 1 bushel of salt. 

Chalk was quarried from the north side of the dome and was used as flux 
in the iron ore smelters at Rusk, operated in 1885. 

During 1903-4 five shallow wells were drilled for salt on the saline prairie 
and the deepest is reported to have encountered gypsum from 200 to 220 feet 
underlain by salt to 280 feet, the bottom of the hole. Distance from a railroad 
prevented exploitation of the salt. 

Seven tests for oil were drilled by Dr. Albert Woldert and others of Tyler, 
Texas, during 1919-20 under the name Brooks Saline Oil and Development 


Company as described later. 
TOPOGRAPHY 


Brooks dome lies near the western edge of the wold formed by 
the outcrop of the Mount Selman ferruginous sandstones. The relief, 
like that at Steen dome, is as great as any in east Texas. The eleva- 
tion of the saline prairie is probably about 430 feet and of the high- 
est hills 550 feet. 

The center of the dome is occupied by a barren prairie with a few 
low mounds covered by trees. The prairie is a lake in winter, a white, 
salt plain in summer. North and south of the prairie there is a 
swamp, that on the north being covered with marsh grass. Saline 
Creek rises northeast of the dome and flows through the prairie and 
into Neches River. Copperas Branch and County Line Creek and a 
number of short branches drain into the saline in radial manner. 

High hills surround the dome on the west, northwest, southeast, 
and south sides. No circular drainage pattern has been observed out- 
side these hills, but Neches River makes a large bend away from the 
dome and the hills on the west side slope gently to the river bottom. 


GEOLOGY 

Surface geology.—The formations represented at the surface are 
the Mount Selman (the type locality is 10 miles southeast), Wilcox 
(Carrizo sandstone and Indio formation), Navarro (?), Taylor, and 
Austin chalk. The shale on top of the ridge west of the prairie is 
probably Wilcox or Midway, not Eagle Ford or Taylor, as stated in 
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Bulletin 736. ‘The Mount Selman formation caps the high hills on 
the north, east, and south, the Carrizo sandstone forms the sandy 
land on the east and north sides, the Indio has a narrow belt of out- 
crop and is exposed on the east side, and the Cretaceous formations 
surround the saline prairie except on the south where there are no 
exposures. Erosion on the west flank of the dome by Neches River 
has cut back the outcrop of the Eocene formations. 

Chalk crops out on the east side of the dome in and near the road 
from Bullard to the saline. The exposure shows two beds, 5 and 10 
feet thick, respectively, separated by 25 feet of green shale. Other 
streaks of chalk indicate that there is no massive bed. On the north 
side of the dome a small outcrop is found east of Copperas Branch. 
West of Copperas Branch and north of the settlement road there are 
two exposures, one at the quarry which is reached by a dim road 
through the trees, the other about 1,000 feet southwest of the quarry. 
The Meyer wells were drilled 1,500 feet north of the quarry and 
reached the chalk at 1,700 feet. At the quarry about 20 feet of 
chalk is exposed dipping N. 30° E.< 34°, underlain and overlain by 
greenish shale. Another exposure showing a number of thin beds of 
chalk occurs northwest of the saline and another was found by 
M. I. Goldman in the southwest quadrant of the dome in a ravine. 

Dr. Stephenson determined the age of the chalk from large 
fossils as Austin. Among the common fossils are Baculites, Ostrea 
plumosa, Gryphaea, Inoceramus, Hamites (?), and fish. Microscopic 
examination of the chalk from the quarry and from the Bullard road 
shows a Taylor microfauna. 

Clays of green or yellow color, originally blue, surround the dome 
and occur both above and below the chalk. Their age is in part 
Taylor, as determined from samples secured at the chalk outcrop 
on the Bullard road but they may be in part Navarro. Fragments of 
Inoceramus are abundant. Shales under the chalk at the quarry have 
an upper Austin fauna according to A. L. Selig. 

The Midway formation has not been recognized at this dome 
unless the shales on the ridge west of the saline are of this age. 

The Indio formation is exposed in the gullies on the east side of 
the dome and on the ridge on the west side. These clays contain clay- 
stone concretions with cone-in-cone and the only fossil found by Dr. 
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Stephenson was a Serpula tube filled with glauconite grains. ‘There 
are microscopic fossils indeterminate in age. The absence of ex- 
posures near Woldert Nos. 1 and 2 was unfortunately construed to 
indicate a normal stratigraphic section instead of surface wash un- 
derlain by cap rock and by salt at 309 feet. 

The Carrizo sandstone is probably exposed on the Bullard road 
east of the south end of the saline and also north of the limestone 
quarry and north of the limit of the map, Figure 7. In soft sandstone 
500 feet east of Beauchamp No. 2, Dr. L. W. Stephenson found 
Cardium, Corbula, Venericardia, and gastropods which may be 


Carrizo. 
TABLE IV 


DeEpTH IN FEET 





SIDE 
NAME ie Cae Wuy ABANDONED 
eck Salt Chalk Total 
Wellsiof LoO3 mc crovceterecmnsises Center 200 200 eas 280 | In salt 
WoldertuNotas ensures East 195(?) SOOM eeiee wee 429 | In salt 
Beauchamp NO. pejsens ost ) Fy poe os eel cn oiece 2,864 | 3,193 | In “shale and gypsum” 
Beauchamp No.2 cies veer Bast. |ireaeacnc 1,343 765 2,161 | In salt 
Wickert NO. 76 3. <iencs.cne nes East 572 S40 Mk aera 850 | In salt 
Meyer NOs Beavis ateetennc evs INOntlas lacie sasencsl arpiemeetnel em eters 528 | Lost hole 
Meyer Not 250: act seeanh sso INOTCH acc castes 2,744 1,684 2,769 | In salt 
Kimball Nowr. .. cox cexvet os Wes] oi|ncstawe.cenvcilccs seats oiees lacamterernce 1,864 | Lack of funds 


Mount Selman iron ores cap Martin Mountain on the Smith- 
Cherokee county line and here they are underlain by glauconite sand 
containing abundant casts of spired gastropods. Ferruginous sand- 
stones also cap the hill east of Beauchamp No. 1 and the hills near 
Meyer Nos. 1 and 2 but they are probably Carrizo sandstone. There 
is an outcrop of lignite on the county line southeast of Martin 
Mountain, but the stratigraphic position is uncertain. 

Conglomerates cemented with hematite and limonite are found 
at the north and southwest ends of the dome as well as in the form 
of boulders elsewhere. They are believed to be younger than the 
Mount Selman and to have been formed from the iron ores of that 
formation. 

Underground geology.—Table IV shows the wells which have 
been drilled and their depth in the order drilled: The logs were 
printed in Bulletin 736. 

Correlation of the logs is shown in Figure 8. Microscopic exam- 
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ination of the cuttings from two wells for microfaunas have been 
made by Dr. J. A. Udden, of Austin, Texas, and by Miss L. L. Lane, 
but the material was cuttings and not satisfactory. Alexander Deus- 
sen examined the cuttings when the wells were drilled and advises 
the writer that both Woldert No. 1 and Beauchamp No. rt reached | 
the Austin chalk. 

Beauchamp No. 1 cuttings were described by Dr. Udden in a 
report to Dr. Woldert, of Tyler, but the writer does not have this 
interpretation on the age of the material. The well starts in red 
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Fic. 8.—Cross-section of Brooks salt dome from north to east along the line A-B 
of Fig. 8 showing four of the wells drilled for oil (Meyer No. 2, Woldert No. 1, Beau- 
champ Nos. 1 and 2). Three of these tests found salt; two penetrated alternating beds 
of shale and salt. Pronounced squeezing (diapirism) of the formations has taken place 
around this dome, especially on the north side, so that the Austin chalk is brought to 
the surface and overlying formations are not exposed in nomal sequence. 


sand, and lignite of the Wilcox was found at 98 feet. Lignite is re- 
ported to a depth of 1,460 feet, sand to 1,250 feet, and silty clay with 
some sand to 1,500 feet. Limestone fragments were found at 1,285 
feet, 1,460 feet, from 1,590 to 1,620 feet, 1,860 to 1,870 feet, 2,010 
to 2,040 feet, 2,110 feet, 2,884 to 2,924 feet; chalk from 2,600 to 
2,610 feet at 2,650 feet, from 2,740 to 2,770 feet. The first Foramini- 
fera were noted at 1,745 feet and the next at 1,934 feet. They became 
abundant below 2,310 feet. Inoceramus fragments were found be- 
tween 1,800 and 2,500 feet. Bentonite is reported from 2,010 to 
2,060 feet. Sandy clay from 2,392 to 2,445 feet is underlain by clay 
containing Ostrea congesta (?). A fish tooth at 2,610 feet indicates 
Eagle Ford age. Alexander Deussen identified the Austin chalk in 
this well at 2,864 feet. 
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Meyer No. 2 is located 1,500 feet north of the limestone quarry 
and reached the Pecan Gap chalk at 1,684 feet. Cuttings were de- 
scribed by Miss L. L. Lane in a report to Alexander Deussen dated 
_ February 23, 1924 and the following notes are made from that re- 
port. 


TABLE V 
Depth in feet Character of Material 

374, 523, 1,010, 1,128, 1,193, 1,361 Clay with some sand 

TAS TONSeen Retr an te cena geen oe Sand and clay 

TSG 23h caterer eee arose Limey shale with Foraminifera 

THOSOm1S7OLe rosette iia ae Clay with prisms of Inocerami shells; a Taylor 
microfauna. 

TEOS ae etercrnte reas o toaiethe ele ere ae White chalky limestone, practically the same fauna. 

E55 30st esac bee eaters ree ate Sandy clay, Globigerina. 

it ODE OH Gta caco dao d00bT Clay and limestone, 12 species of Foraminifera of 
Taylor age 

TG SIT 7 Siar Soren Clay, Taylor fauna, Inoceramus 

EERO eos OOS DOC aan oe Soft gray limestone, Taylor fauna 

DOOO=25OOA sake atta steers weaned Sand and clay, prisms of Inocerami, Taylor fauna 

DOT 2293 Olgas Mieay en tee Be eee Clay, same fauna 

DP 30-257 4Ow w 18 ain opere ered es Gypsum 

BST O Leta ae ae oer oer ee Ee Core of rock salt 

NOVA Se ar aa eR HO SAO AOAC Clay and sand, same Taylor fauna 

ORO bev HOP ge clad ha ao ernIG aS E Clay, slight change in fauna 

DIAG DONA RD mn avon ele esaie ener Sandy clay; typical Taylor association of forms 
reappears 

DATS veranciare atetamertaisysteus eesteonee Same, with impure coal. 

2552 0-9, SST teins tiacks att Sand 

BOO Er ethy cae tetas eae tes Core of clay with glauconite grains, Imoceramus, 4 
species of Foraminifera 

D7 O02 7 LO in shaicycokesoenlenee erat: Sandy clay, Taylor fauna 


Miss Lane writes of the Meyer well: “It is impossible to tell 
where the Taylor fauna should disappear because of the evident 
mixture of material. The fauna changes slightly at 2,271 feet, but 
the typical association of forms reappears. Whether this reappear- 
ance occurred or whether the Foraminifera came down the hole can- 
not be determined.” The sand at 2,386 feet in the Meyer well was 
called ‘‘Woodbine” prior to this microscopic study but it may: be a 
stray sand. Miss Lane also examined a core of chalk from the Sin- 
clair Oil and Gas Company Brooks well, on the B. S. Watts survey, 
73 miles northeast of Tyler, or 22 miles north of Brooks dome. This 
white chalky limestone was found from 3,195 to 3,310 feet and the 
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exact depth of the core is not known. Miss Lane states: ‘The fauna 
does not correspond to that of the Austin or of the Taylor. Probably 
it represents a transitional phase.’”’ Miss A. C. Ellisor also examined 
this chalk and states: “This chalk contains a larger number of 
Foraminifera than is usually found in the typical Austin chalk and 
I believe it to be the Pecan Gap.” These determinations indicate 
that the chalk in the Meyer well is probably Pecan Gap. 

A normal stratigraphic section in the vicinity of the dome is be- 
lieved to be as follows: 





Mount Selman formation................... o- 100 
Walcoxcoroupe seen ere ews ert oer 1,200 
Midway and Navarro formations............ I,900 
Taylor marl, including Pecan Gap chalk...... I,000 

4,200 


Structure.—The diameter of the area uplifted at Brooks dome 
does not exceed 3 miles although the diameter of the salt is over 15 
miles at a depth of 500 feet and about 1% by 2 miles at a depth of 
3,000 feet with the longer axis from north to south. The pitch of the 
edge of the salt core is not as steep as on the west side of Grand 
Saline. The amount of uplift of the Navarro-Taylor series which 
seems to surround the dome is about 3,500 feet and of the Austin, 
4,300 feet. Squeezing (diapirism) has forcedthe older shales and 
the Austin chalk past the younger shales around the circumference 
of the salt core so that the Taylor is in contact with the Wilcox. 
Faulting may have aided this squeezing in the southeast quadrant, 
but the underthrusting of fragments of formations is not as notable 
as at Palestine dome. 

KEECHI SALT DOME 
LOCATION AND HISTORY 


Keechi salt dome, named from Keechi Creek and not to be con- 
fused with the town of Keechi in Leon County, is situated 7} miles 
by road, 6 miles in an air-line northwest of Palestine, Anderson 
County, on the Montalba and Athens road. The center of the saline 
is on the W. A. Cook survey. This dome is 13 miles northeast of 
Butler dome, 6 miles northeast of Palestine dome, 30 miles southwest 
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of Brooks dome, 55 miles southwest of Steen dome, and 60 miles 
south of Grand Saline.’ 

This salt dome is not a conspicuous topographic feature because 
there is no central lake or barren prairie and no “race track” of 
barrens around the partly circular drainage. It was described by 
E. T. Dumble in the Second Annual Report of the Texas Geological 
Survey, in 1891, but it was not rediscovered until 1915 and then by 
W. I. Sims and L. C. Chapman. It was visited by O. B. Hopkins and 
by the writer in 1916 and described briefly by the former in Bulletin 
661 of the United States Geological Survey. The topographic map 
of the dome (Fig. 9) was made by the writer in 1924 prior to the 
completion of the new concrete highway, but this is shown running 
in an almost straight line across the dome. Exposures are abundant 
at the side of the old road and all references are to that road. 

Salt has never been evaporated here and the only evidence of 
salt, except for sparse vegetation and a small salt lick in the flat 
creek valley, is its discovery in the Producers Oil Company’s well. 
The salt must be at a greater depth than in the other interior domes. 

Five wells are drilled on the south side of the dome in 1916-17 
by the Producers Oil Company (the Texas Company) on the Barrett 
and Greenwood land. The first had a showing of 8° Baumé gravity 
oil at a reported depth of 1,686 feet which might have made a well. 


TOPOGRAPHY 


Keechi dome is situated about 2 miles west of the Mount Selman 
escarpment. Dissected ferruginous red sandstones and weathered 
glauconite beds of the Mount Selman formation and, locally, hard 
beds in the Carrizo sandstone, produce a relief of 100 to 150 feet. 
The topographic map, based on mean sea level as datum, shows the 
intricate character of the topography. Salt Fork of Keechi Creek 
flows through the northern half of the central core of the dome in 
a broad valley and along its floor are a few semi-barren patches which 
are salty in summer. Keechi Creek, and its headward portion called 
Spring Creek or Wagoner Branch receives the drainage from the 

t Evidence of an uplift which may prove to be a salt dome has been discovered 


by M. A. Davey along the Neches River about 5 miles east of Neches, Anderson 
County, and 15 miles east of Keechi dome. 
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Fic. 9.—Topographic map of Keechi salt dome showing the fault through the center of the 
dome with Pecan Gap chalk on the south side thrust upward in contact with the Wilcox. Owing 
to the preservation of the original roof of the salt core, there is no conspicuous central saline. 
Circular drainage is enveloping the dome. The northernmost well, Barrett and Greenwood No. 1, 


had a showing of oil which led to the drilling of four additional tests. 
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northeastern part of the dome and flows in a semicircle around the 
western side of the dome. On the southwestern side it is joined by 
Salt Fork and farther west by drainage from the west side of the 
dome. The center of the structural dome occupies the area between 
Salt Fork and two tributaries which almost surround the rounded 
hill on which the conspicuous fault is located. This is the only Texas 
salt dome in which the original strata can be identified over the top 
of the dome. 

Springs, which are characteristic of salt domes, are not conspic- 
uous. There are springs along Salt Fork and along the valley of 
Keechi Creek, which cause boggy, grassy flats and a marsh on the 
southeast side of the dome. Mineralized springs were not noticed, 
but several dug wells have found salty water. A small marsh is 
situated on the broad, flat area south of Salt Fork and north of the 
fault. The hills north and west of Salt Fork do not show influence 
of steep dips. Those south and east rise more abruptly on the side 
toward the center of the dome and slope gently in the direction of- 
the steeply dipping rocks beneath. The outer rim of hills south of 
the dome has a steep slope toward the dome. 


GEOLOGY 


Surface geology.—Keechi presents the unusual feature of a cen- 
tral fault of considerable magnitude which brings the Taylor chalk 
and clays on the south in contact with the Wilcox beds on the north. 
This fault was not noted in the earlier examination of the dome by 
Hopkins." 

North of the fault the outcrops for over a mile have been mapped 
as Wilcox because the shales at the fault look like Wilcox shales and 
because the occasional ironstone concretionary beds in the exposures 
along the highway are similar to those in the Wilcox. Lime nodules 
z inch in diameter are very abundant in the outcrops along the road. 
Yellow Midway shale containing pebbles of calcareous mudstone 
filled with cone-in-cone structure are exposed in the eastern part of 
the Cook survey and also a few hundred feet north of the northeast 
quarter of that survey. Unquestioned Wilcox crops out farther 
away, overlain by the Carrizo sandstone. 


* The fault is mentioned by W. G. Matteson, Amer. Inst. Min. Engrs., Bull. 134, 
TOTO, DP. 445- 
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South of the fault yellow, waxy shales containing thin lenses and 
fragments of yellow and white fossiliferous limestone containing 
Ostrea are tilted steeply to the southwest. The limestone is blue 
where fresh. A new chalky limestone exposure was made in excavat- 
ing for the concrete highway. The age of the limestone and chalky 
limestone is probably Taylor. Alexander Deussen remembers col- 
lecting an Exogyra ponderosa of Taylor age in this general area 
several years ago. Microscopic study of the limestone and chalky 
beds by A. L. Selig show an abundant basal Taylor microfauna. He 
correlates the chalk with that at Brooks dome. 

Shale beds are continuous from the Taylor southward across a 
small valley tributary to Salt Fork and are exposed in the side of the 
old highway on the north facing hill. In the ploughed field northwest 
of Producers Oil Company well No. 1 two lenticular beds of chalk 
each about 2 feet in thickness crop out south of the yellow limestone 
blocks, surrounded by the same yellow clays. White chalk was ob- 
served several years ago by Alexander Deussen and L. C. Chapman 
5 mile northeast of this outcrop and the microfauna at that locality 
is either Midway or Navarro, probably Midway. 

South of the chalk and also on its strike both northeast and 
southwest yellow Midway shales are found in what appear to be 
continuous, unbroken exposures. Faulting must be concealed in the 
weathered outcrops and the entire section is not exposed. 

Dr. L. W. Stephenson identified fossils for O. B. Hopkins as be- 
longing to the Exogyra cancellata subzone of the Exogyra costata zone 
which constitutes the lower part of the Navarro formation. These 
were collected from shales in the gullies 300 feet north of well No. 1, 
and also along the large east-west valley. He also identified fossils 
from the fields near these gullies and states that they came from the 
middle or upper part of the Navarro formation. The locality is evi- 
dently shale resting on the easternmost chalk. In the following list 
the first 6 forms are the Hopkins’ collection, the next 14 forms the 
writer’s collection from shale resting on the westermost chalk, 
identified by Dr. Stephenson in March, 1924. These chalk lentils and 
the overlying fossil bed are probably very near to the top of the 
Navarro according to the personal examination of Dr. Stephenson 
in December, 1924. The microfauna is Navarro, approxiinately the 
age of the Nacatoch of Louisiana according to A. L. Selig. 
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Nucula, cf. N. eufaulensis Trigonia sp. 

Trigonia sp. Unicardium (?) 

Plicatula n. sp. Crassatellites sp. 

Crassatellites sp. Anchura sp. 

Ringicula sp. Unidentified gastropods 
Baculites sp. Nautilus sp. 

Cliona sp. (a sponge) Pachydiscus sp. (resembles a 
Unidentified corals species from somewhere in 
Leda sp. Clark County, Arkansas) 
Cucullaea sp. Baculites sp. 

Ostrea sp. Belemnitella americana (Morton) 


Dr. Stephenson makes the following comments regarding the 
collection of March, 1924: 


The fossils from the south side of the Keechi uplift are mostly casts in a 
poor state of preservation. With one exception I have been able to identify 
them only generically, but the one identifiable species, Belemnitella americana 
(Morton), has, I think, a definite significance in correlation, and indicates the 
upper Navarro age of the containing bed. This species is fairly common in 
places in the upper part of the Navarro formation, and in beds of the same age 
in other parts of the Atlantic and Gulf Coastal Plain. The species has not, to 
the best of my knowledge, been found in beds older than the Navarro. Although 
this collection is poorly preserved, the condition of preservation appears to me 
to be the same as that of fossils from a horizon at the top of the Navarro south- 
east of Greenville, Texas, and I am inclined to believe that it actually represents 
that horizon. 


The collection was made from the easternmost chalk and the 
identifications by Dr. Stephenson, dated April 30, 1924 of forms not 
found in the earlier collections are as follows: 

Nemodon sp. 

Exogyra costata Say (?) 
Cuspidaria sp. 

Gastrochaena americana Gabb (?) 
Unidentified pelecypods 

Gyrodes (2 species) 

Turritella sp. 


Midway Foraminifera have been found by D. C. Barton in the 
head of the gully north of well No. 1 and in the gully at the side of 
the old road west of this well. The first locality yielded an upper 
middle Midway microfauna, the latter locality an upper Midway 
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microfauna overlain by the Wilcox sand. The shales excavated by 
the new concrete road in the south side of the dome and the shales 
north and east of these exposures are also Midway according to Dr. 
Stephenson and A. L. Selig. 

Underground geology.— The Producers Oil Company wells on the 
Barrett and Greenwood land were a great disappointment to the 
land owners because great secrecy was maintained after the first well 
struck oil at 1,686 (?) feet and because no tests were made north of 
this well. An excellent showing of 8° Baumé gravity oil was found, 
but the log of the well records sand at 1,647 feet and fails to mention 
a showing either then or at 1,686 feet. Dr. J. A. Udden examined 
cuttings from well No. 4 and wrote Mr. A. G. Greenwood on August 
25, and November 14, 1917 that it was drilling in the Eagle Ford or 
Woodbine at a depth of about 2,400 feet. 

A tentative correlation of well logs has been made, but the identi- 
fication of formations is a guess. Well No. 1 penetrated chalk from 
545 to 560 feet. No. 2 reports chalk from 952 to 964 feet, and No. 3. 
chalk from 1,111 to 1,140 feet. These may be the same. This thin 
bed is near the base of sandy series of Navarro age which must in- 
clude the Nacatoch sand. Several beds of chalk separated by shale 
underlie the Navarro and must be of Taylor age. The first chalk of 
Taylor age, the Pecan Gap, crops out along the fault, as stated 
above, and is probably the first chalk found in each well. The chalky 
series is 700 to 800 feet thick and can include the Austin only if 700 
feet of Taylor section is missing. The age of the persistent sand 
series under the chalk is Taylor (Wolfe City sand?) if all the chalk is 
Taylor; otherwise it may be Blossom. The “lime, gypsum, and 
packed sand” goo feet below the top of the Pecan Gap has more 
nearly the normal interval of 1,200 feet to the Austin, but Dr. Udden 
found fish teeth in this series which seem to indicate Eagle Ford age. 
Such an abnormal thinning of the section would indicate squeezing 
(diapirism) or faulting near the salt core (Fig. ro.) 

Salt was found by well No. 1, as an apophysis of the main mass 
660 feet thick underlain by sandy beds which may also be of Wood- 
bine age. The well was drilled into salt again and stopped in it. It is 
unfortunate that these wells were not tested more carefully and 
drilled deeper. 
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Table VI is a tentative correlation of the Barrett and Greenwood 
wells: 

Roeser Petroleum drilled two wells near Montalba and about 5 
miles northwest of Keechi dome in 1922-24 on the Via and Brooks- 
Auld farms to depths of 4,331 and 4,165 feet, respectively, and in 
July, 1924 drilled a twin to the former to 4,411 feet. Miss Ellisor 
found a Taylor microfauna in cuttings from the Brooks-Auld well 
from a depth of 3,600 to 4,100 feet. From a microfaunal study of 
cores F. X. Bostick identified Pecan Gap chalk from Brooks-Auld 
well at 3,424 feet. 
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Fic. 10.—Cross-section of Keechi salt dome from north to south along the line 
A-B of Fig. 9 showing how the salt has elevated and faulted the south half of the dome. 
More faulting has taken place than is shown. This is the only interior salt dome in 
Texas where the original roof of the salt core is preserved in place. 


In 1925 Roeser Petroleum drilled two more wells. Brooks-Auld 
No. 2, 250 feet east of No. 1, had Pecan Gap chalk at 3,399 feet with 
a Taylor microfauna underlain by a thick shale series with selenite 
crystals and several sandstones. The sandstones are of Taylor age 
and the lower part of the shale, Austin. Hard white chalk like that at 
Palestine salt dome was found from 4,620 to 4,820 feet, and is called 
Austin. Eagle Ford fossils were found by Miss Ellisor in 30 feet of 
black shale under the chalk. Dry sand from 4,850 feet to 4,895 feet 
was underlain by more black shale to 4,925 feet with an Eagle Ford 
fauna. The oil sand at 4,386 feet in the Via well was not found in this 
well. The other well, Daniels No. 1, 12 miles west northwest of 
Montalba on the Chas. Gilmore survey had Pecan Gap chalk at 2,827 
feet and Taylor and Austin (?) shale from 3,250 feet to below 4,090 
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feet with Austin chalk from 4,090 to 4,300 feet. Brooks-Auld No. 
2 found salt water, oil, and gas in the Woodbine sand from 5,206 
to rr feet and was abandoned at 5,231 feet. The Daniels well had 
salt water in the Woodbine sand from 4,963 to 5,010 feet, the total 
depth. 

The section of Brooks-Auld No. 2 is interpreted as follows: 


Mountiselimmantandawil coxa enn ea a IG 
Midway, Navarro, and Taylor................ 2,380 
Austin shale and chalk (part Taylor?).......... 865 
Bae lesb or deasnyaerecatvartne oa teretiers arr ovate teres 


The interval between the top of the first (Pecan Gap) chalk and 
the Taylor water sands agrees so closely with the interval in the 
Barrett and Greenwood wells that the sands are believed to be the 
same. The Producers Oil Company wells on the Southern Pine 
Lumber Company and on Royall and Davey fee near Jarvis, in 
Anderson County, and the Atlantic Oil Producing Company’s well 
at Ironton, Cherokee County, had a similar section. The first well 
appears to have reached the Pecan Gap chalk at 3,200 feet and to 
have stopped in the Taylor section at 4,346 feet. Several sands are 
reported in the Taylor. The Atlantic well had the Pecan Gap chalk 
at 3,765 feet. The Colliton Syndicate Clapp well 5 miles northwest 
of Ponta in Cherokee County is reported to have had the Pecan 
Gap chalk at 3,189 feet and a showing of oil in a sand in the Taylor 
at 3,567 feet and salt water at 4,242 feet. The showings of oil in this 
Taylor series in the Via, Barrett and Greenwood No. 1, and Colli- 
ton wells indicates a producing horizon above the Austin chalk which 
may prove commercially productive. The Woodbine sand may be 
found at a normal depth of about 5,300 feet, but this formation does 
not occur on the Sabine uplift and may not be found in the trough 
of the east Texas geosyncline. The Eagle Ford holds promise of com- 
mercially productive sands. 

Several new wells will be drilled in 1926 by the Navarro Oil 
Company, the first being near Barrett and Greenwood No. 1. 

Structure.—Keechi dome interrupts the normal southeast dip of 
40 to 80 feet to the mile over an area over 33 miles in diameter with a 
salt core which may be 4,000 feet long from northeast to southwest 
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and 3,000 feet wide. The amount of uplift of the oldest strata 
(Taylor) exposed at the surface is 3,500 feet. The steepest exposed 
dips are 45° and those at the margins of the map, Figure 9, 14 miles 
from the center of the dome, are 2°. 

Faulting is the conspicuous feature of this dome. A fault with 
a throw of about 2,000 feet cuts across the dome along the major 
axis as stated above in a N. 50° E. direction. The line of faulting 
is sharply marked on the surface for about 1,000 feet by an abrupt 
change in the color of the soil in ploughed fields as well as by a steeply 
tilted bed of yellow limestone on the south side in contact with Wil- 
cox clay and by numerous veins of calcite some of which show casts 
of slickensides. 

Other faults, both radial and tangential, separate the chalk 
lentils from the Midway shales on the south side of the dome a short 
distance northwest of well No. 1 because the chalk appears in a very 
limited outcrop. Calcite marks one possible fault line near the chalk. 
Faulting, or rather underthrusting, may bring up the Midway cone- 
in-cone material on the northeast side of the dome, because part of 
the normal sedimentary section is absent around these inliers. 

Preservation of the original roof over most of the salt core with 
no evidence of subsidence is characteristic of the more deeply buried 
domes. 

PALESTINE SALT DOME 


LOCATION AND HISTORY 


Palestine salt dome (Figs. 11 and 12), named and described by 
E. T. Dumble and later by O. B. Hopkins, is in Anderson County on 
the Elias G. Myers survey, 6 miles south of west of Palestine and 43 
miles east of Trinity River. It is on the line between Butler, Keechi, 
and Steen domes and is about 6 miles distant from each of the first 
two. Palestine dome is the largest of the Texas interior salt domes 
and uplifts the strata over an area over 4 miles in diameter. 

This dome was formerly called the “Salt Works” because the Palestine 
Salt and Coal Company has made salt here since 1904. Salt is obtained from 
shallow wells as described later. It was evaporated here in small quantities in 
kettles during the Civil War. No deep wells have been drilled in this vicinity. 
Mr. A. L. Bowers drilled a well near Tucker, 33 miles south of the dome, to 
2,330 feet. 
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A lignite mine was opened 1} miles northeast of the dome in 1923 and three 
seams each 73 feet thick are mined. The lignite is used at the salt works. 
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Fic. 11.—Topographic map of Palestine salt dome from Bulletin 661 with additions. 
The central saline (an artificial lake) is surrounded by two concentric circles of hills 
separated by a circular drainage system. Salt is mined by means of wells and is evap- 


orated in the plant north of the lake. The older Cretaceous formations crop out north 
and northeast of the lake. 
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TOPOGRAPHY 

Palestine dome is the best example in Texas of a central lake, 
Dugeys lake, surrounded by hills which are in turn surrounded by 
circular drainage. One hill on the east side separates the head of 
Wolfe Creek on the north from a branch of Town Creek on the south. 
In place of the almost circular barren saline ‘“‘race track’”’ around 
Butler dome and Price’s dome in Louisiana, there are swampy 
prairies and one real saline. Dugeys lake when visited by Dumble 
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Fic. 12.—Cross-section of Palestine salt dome from south to north along the line 
A-B of Fig. 11 showing a large area of uplift owing to the conical shape of the salt core. 
Fragments of Lower Cretaceous limestone, Woodbine(?) sand, Eagle Ford limestone, 
and Austin chalk have been torn off by the intrusion of the salt and thrust upward 
about r mile in the form of blocks, the truncated edges of which are exposed on the 
north and northeast sides of the dome. This underthrusting illustrates the enormous 
force accompanying the intrusion of a core of salt through a vertical distance of 1} 
miles or more. 


in 1891 was a small pool of water in winter only and was surrounded 
by a broad saline. The present lake, which is approximately 3 mile in 
diameter with a maximum depih of 4 feet, was formed by the con- 
struction of the railroad embankment which acts as a dam. Re- 
moval of salt from the top of the dome may have caused very slight 
subsidence. 

Hopkins’ topographic map (Fig. 11) shows that the elevation of 
Town Creek is about 275 feet, that of Dugeys lake 280 feet, the inner 
hills 340 to 350 feet, the outer hills over 350 feet. Trinity River at 
the mouth of Town Creek is about 200 feet above sea level. The 
dome is near the northwestern edge of the cuesta or wold—the 
Nacogdoches wold'—formed by the iron ore beds of the Mount 


t Alexander Deussen, U.S. Geol. Surv. Water Supply Paper 335, p. 16. 
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Selman and this cuesta has an elevation of 500 feet within a few 
miles of the dome. 

Little Saline, on the road to Palestine northeast of the salt works, 
is the most barren area around the course of the circular drainage. 
The steep northeast dip in the top of the salt core, as proved by wells 
east of the works, indicates that Little Saline and the other springs 
are fed by saline water which rises from salt water-bearing sands 
along their outcrops or else along faults or joints and not from the 
salt core. Many other springs are found along Wolfe and Town 
creeks. 

Gas seepages are very numerous along Town Creek. The gas 
rises with the artesian flow of water and does not indicate the 
presence of gas in commercial quantities. An analysis of the gas 
given by Hopkins shows a high content of nitrogen and low content 
of carbon dioxide. 

Mud volcanoes and mud springs in the process of building small 
domes may be observed on the southeast side of Little Saline. Gas 
bubbles rise with the water through the soft blue mud. A pole may 
be pushed down over 6 feet in these craters which vary from 1 to 3 
feet in diameter. 

GEOLOGY 

Surface geology.—A greater number of formations crop out at this 
dome than at any other in the United States. These are: the Mount 
Selman, Carrizo, Indio, Midway, Navarro, Taylor, Austin, Eagle 
Ford, Woodbine (?), and Washita (Lower Cretaceous). This remark- 
able section is accounted for by the upthrust of the salt mass break- 
ing off blocks of the older formations and thrusting them past one 
another in advance of and at the side of the salt core (Fig. 12). 
Fragments, only, of the formations below the Wilcox group are ex- 
posed and these fragments dip very steeply. The fault planes and 
the softer beds are not exposed and the details of the underthrusts 
can only be inferred. These blocks may correspond to the “breccia”’ 
of older rocks described on the top of several Roumanian salt domes. 
The Cretaceous is normally exposed 40 miles west of this dome. 

Limestone below the Woodbine was not mentioned by Hopkins 
and was shown the writer by Mr. M. A. Davey, of Palestine. It is a 
hard, dense white rock which can be fractured with difficulty and is 
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very different from the brittle Austin chalk. It contains casts of 
fossils, a small, smooth Exogyra sp. and an impression of an ammon- 
ite which appears to be a Lower Cretaceous form. According to 
Dr. L. W. Stephenson and Miss L. L. Lane (personal communica- 
tion) it is probably Buda, the highest formation in the Washita group 
of the Lower Cretaceous. About 25 feet of limestone is exposed on 
the south side of the hill south of the Woodbine sand. Evidently it 
was formerly in contact with the salt, because nearby salt wells find 
salt at about 150 feet overlain by secondary deposits. 

Woodbine sand is not found in any other inlier in east Texas or 
north Louisiana. The outcrop forms a ridge on the south side of the 
hill east of the salt works and is made up of 20 feet of pure, hard, 
gray to yellow friable sandstone with low iron content. It would 
make an excellent oil sand. The strike is N., 30° E., and dip 46° 
NW. Poorly preserved interior casts of pelecypods can be found by 
breaking open the sandstone. These have been identified by Dr. 
L. W. Stephenson as Ostrea sp. and Modiolus sp. (‘‘poorly preserved, 
but closely resembles a species found in the Woodbine near Arling- 
ton, Tarrant Co.’’). Dr. Stephenson remarks: ‘So far as the evi- 
dence goes it tends to confirm the Woodbine age of the containing 
sandstone, but I do not regard this as very strong evidence. Modio- 
lus has a long range and species of different ages have a general 
similarity in appearance.” It is possible that this is one of the sand- 
stones in the Eagle Ford found by Roeser Petroleum at Montalba. 

Eagle Ford limestone overlies the Woodbine (?) sand in the ridge 
‘southeast of the salt works and has an exposed thickness of about 
5 feet. The limestone is separated from the Woodbine sand by a few 
feet of rocks which are not exposed, but it is overlain directly by the 
Austin (Annona). Fossils are abundant and may be collected under 
one of the small houses nearest the salt works. Dr. L. W. Stephenson 
identified those collected by Hopkins as of Eagle Ford age. 

Another locality was found on the main highway 3 mile east of 
the salt works. Eagle Ford microfossils were identified by A. L. 
Selig in shale from a dug well between the Salt Works and the 
northern block of Austin chalk, and west of the railroad spur to the 
lignite mine. 

Austin chalk forms the south side of the hill west of the plant and 
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crops out on and near the road to Palestine north and northeast of 
the Eagle Ford. It also occurs on a hill 4 mile north of the works and 
is well exposed in cuts in the railroad to the lignite mine. The dupli- 
cation of outcrops is due to faulting and a thickness of over 25 feet 
of any bed is difficult to prove. The chalk is massive, brittle, frac- 
tures irregularly, and is gray where freshly quarried but becomes 
white on exposure. The strike is in general N. 15°-30° E. The dip 
40°-5s0° NW. The availability of the chalk has led to its wide dis- 
tribution for road metal and abandoned mud holes provide interest- 
ing ‘“‘outcrops.” 

Identification of the Austin (Annona) chalk by means of several 
species of Inoceramus was made by Dr. Stephenson. Two very large 
specimens presented to the Southern Methodist University at Dallas 
were identified by Professor E. W. Shuler as resembling [noceramus 
vanuxemi Meek and Hayden. Dr. Stephenson identified Inoceramus 
sp., Ostrea sp., and Spondylus sp. from the writer’s collection. He 
remarks: ‘“The form identified as Imoceramus sp. is somewhat sug- 
gestive of Inoceramus labiatus Schlotheim of the Eagle Ford shale, 
and for this reason I should regard the containing chalk as more 
likely to be the typical Austin chalk than one of the higher chalks of 
Taylor age.” Microscopic examination of the chalk, by Miss Lane, 
revealed a Taylor microfauna. The microfauna identified by A. L. 
Selig, both from the top and base of the chalk is upper Austin with 
a microfauna similar to that in the shales below the Blossom sand 
at Ben Lomond, Arkansas, which were considered by Dr. Stephen- 
son as of Austin age. No Pecan Gap chalk has been found. 

Navarro shales have been identified over an area of about 300 
acres north of the salt works and of the southernmost Annona chalk. 
Those shales probably almost completely encircle the lake, but sand 
washed from the Wilcox mantles the shale lowlands. A fossiliferous 
locality was found by. Hopkins of the south end of the lake. Lower 
Navarro fossils from the Exogyra cancellata subzone of the Exogyra 
costata zone were identified by Dr. Stephenson. 

Midway shales crop out on the Palestine road midway between 
the Eagle Ford locality and Little Saline. They undoubtedly sur- 
round the dome on the inside edge of the circular drainage. 

The Wilcox group surrounds the dome and is very steeply tilted 
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away from the center. Most of the outcrops are on the inner side of 
the outer row of hills and the dips ¢ mile from the center of the uplift 
vary from 20° to 30°. The steepest are on the outer side of the inner 
row of hills and a dip of 57° was found by Hopkins southeast of the 
lake. 

The Wilcox consists here as elsewhere of sandy clays with sands 
and lignites and thin ironstone concretionary beds. No calcareous 
beds have been observed. At the lignite mine 13 miles northeast of 
the lake the three beds of lignite, each 73 feet thick, are separated by 
25 to 30 feet of sandstone*and shale. A limonitic sandstone filled 
with casts of pelecypods occurs 45 feet above the highest lignite. 
This bed outcrops in a branch 300 feet northeast of the mine. The 
dip is 11° N. 80° E. The fossil casts have been identified by Dr. Julia 
A. Gardner of the United States National Museum, as: Venericardia 
planicosta Lamarck, Cardium sp., cf. C. hatchitigbeense Aldrich, Cor- 
bula sp. ind., Bulliopsis sp. cf. B. choctawensis (Aldrich), Turritella 
sp. cf. T. pleboides Vaughan. The age is probably upper Wilcox 
(Carrizo). 

The Mount Selman formation consisting of fossiliferous glauco- 
nitic sands overlain by iron ore, forms high hills 3 miles from center of 
the dome which have been slightly affected by the uplift according 
to Hopkins. Chapman, on his unpublished map of the dome, shows 
the lignite which is being mined and a similar bed on the south side 
of the dome to be highest bed in the Carrizo sandstone. 

Underground geology.—Salt wells have been drilled on the north- 
east, west, and south sides of the lake. The shallowest salt is found 
at 122 feet in a well located a few hundred feet south of the Wood- 
bine sand ridge. It is equally shallow on the west side of the lake in 
the well nearest the lake. The cap rock of gray, hard limestone, in- 
creases rapidly in thickness from g feet at the western shore of the 
lake to 32 feet in the wells farthest away. On both sides of the lake 
several wells have found very thin cap rock and have formed craters. 
The formations above the cap rock are sand and shale, either recent 
wash deposits or subsided Eocene sediments. On the east side of the 
lake the salt and shale were too intimately mixed for the brine to be 


«See J. A. Gardner, “‘Fossiliferous Marine Wilcox in Texas,” Amer. Jour. Sci., 
Vol. 7, 1924, Pp. 141-45. 
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used. Other wells were drilled nearly as far east as Little Saline and 
they encountered salt at 200 to 225 feet, but the salt was not over- 
lain by a water sand and the cost of pumping water into the wells 
was too great. The well farthest northeast was drilled 560 feet and 
found only streaks of salt. A well drilled in 1923 in the small valley 
south of the lake was abandoned at 700 feet without finding the 
main salt core. Wells a few hundred feet north found the salt at the 
normal depth. Two wells were drilled through the salt and found 
it about 4oo feet thick, but they did not go deep enough to determine 
the possibility of deeper salt. 

Wells are drilled to the cap rock, at 120 to 160 feet, casing is set, 
and then the well is deepened 100 to 250 feet in the salt. Water from 
a water sand under the cap rock flows into the wells, dissolves the 
salt, and the brine is forced by compressed air to the plant. One well 
produced salt for 20 years, but others have caved where the cap rock 
is thin. Production in 1924 was obtained from two wells drilled in 
1923 at the south end of the lake. 

The well on the west side of the lake, one location south of the 
northernmost well, found sufficient cap rock underlain by water sand 
(“salt sand”) to be a good producer as shown by the following log, 
although the northernmost well had no cap rock. 


Feet (depth) 
TS Ag Hedicriaeen lov ee Mera he Surface sands and clay 
1G Sige aati Fee a tageeneee ATE Oa Pe Blue shale 
OV Maersk aie ese ee eiicg cla creas nokAT c Sandstone 
OTe fare Ree ene en Limestone 
TLOw 35, cece te Corea Blue shale 
TD Teenie eee ie, ee eT Blue shale and lime 
MP Pig as Teva de wits a cing tora tceckoore Calcite 
LOTe ees ere oe Blue shale 
repeat Wee haa ie Sy meee ee eae eae Salt 
TO 7a Ves coe PRA ere ae Blue shale 
TOO s ered ech cohen te Gypsum 
3 te, Spans ede rey Maton Sloe Ah Salt sand 
BOOT ch ere eR ENR Salt 


The output of salt is normally 120 tons daily. It is shipped in 
barrels, weighing 280 pounds and in sacks. Assuming a production 
of roo tons daily since 1904 gives the amount of salt produced as 
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500,000 tons or a bulk sufficient to permit the surface to subside as 
much as 2 feet over an area of $ square mile. 

The normal stratigraphic sequence may be judged from the 
Brooks-Auld No. 2 well near Keechi dome described above. 

Structure—U nderthrusting.—Palestine and Keechi domes exhibit 
complex faulting which can be accurately mapped only after very 
careful study. One of the faults is well exposed in the railroad cut 
northeast of the salt works. The faulting at Palestine is more com- 
plex than that shown at the surface in other domes and it represents 
a series of underthrusts arcuate in form of blocks of formations 
older than the Wilcox with repetition of outcrop of the Austin chalk 
and Navarro formation (Fig. 12). The thickness of the Upper Cre- 
taceous section is about 3,200 feet, and slices from four formations, 
some of which must have risen 5,500 feet, are exposed in a horizontal 
distance of less than 1,000 feet. About 1,500 feet of Eocene has also 
been removed from the center of the dome. The presence of salt 
directly beneath the Washita outcrop illustrates the force of the 
thrust of the salt core 1} miles in diameter shattering the intruded 
strata and thrusting shreds of several competent beds through 3,000 
to 5,500 feet in height and over an area 30,000 feet in diameter. 

The salt core as well as the region in general has suffered exten- 
sive erosion. It may originally have sheared its way completely 
through the Cretaceous and have stood far above the level of the 
present lake with other shreds of Cretaceous since removed by 
erosion. 

Study of the distribution of the Cretaceous and of the under- 
thrusting at Palestine dome will prove that the amount of uplift of 
Cretaceous formations cannot be measured with the same facility 
as the amount of uplift of the Wilcox which surrounds the dome. 
Underthrust shreds of deeply buried formations may be carried up- 
ward long distances by the salt and may be thousands of feet above 
the point where the upturned edges of the formation completely en- 
circle the salt core. This condition applies at Brooks and Keechi as 
well as at Palestine domes. Were it not for underthrusting the 
Navarro might be the oldest formation exposed at any dome. The 
apparent scarcity of the Midway may be due to underthrusting and 
squeezing (diapirism) of older formations past it. 
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BUTLER SALT DOME 

LOCATION AND HISTORY 
Butler or West Point salt dome (Fig. 13) is located near the 
southeastern corner of Freestone County 3 miles east of the settle- 






LEGEND 


Strike and Dip 
*C Cretaceous Fossils 
*E Eocene Fossils 
+ Abandoned Wells 


SCALE IN FEET 
fe) 1000 2000 3000 4000 
[het th ed 


BUTLER SALT DOME 


Fic. 13.—Topographic map of Butler salt dome showing a perfect example of a 
circular ‘‘race track” of barren saline prairie surrounding the dome. Radial drainage 
and springs supply the circular drainage. Llewellyn Gin Lake is a sink hole above the 
salt at the western edge of the salt core, 
ment of Butler, 6 miles north of Oakwood, in Leon County, and 4 
miles west of Bonner’s ferry across Trinity River. It is near the east- 


ern end and extends across the south line of the Simon Sanches 
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league No. 3. The name Butler, given by Hopkins, is from the near- 
by settlement and should not be confused with a settlement in 
Bastrop County by the same name. Neither is a post-office. West 
Point, the name given by Woodruff? and by DeGolyer, refers to a 
landing on Trinity River northeast of the dome when east Texas 
rivers were navigable. This name is lost except in local legend and 
is duplicated by a post-office in Fayette County. 

Palestine dome is 6 miles northeast of Butler dome; Trinity 
River flows through the syncline between them, approaching within 
half a mile of Blue Lake, then making a conspicuous bend around 
the eastern side of Butler dome. The river is antecedent to the !atest 
uplift of these domes. 

Butler dome is topographically and geologically a type ex- 
ample of a salt dome with a central hill or mound surrounded by 
circular drainage in the form of a barren, saline “race track.” 
Llewellyn Gin lake is on the west side of the central hill. The outer 
rim of hills is similar to that at Palestine dome, but the area affected 
by the uplift is probably only 33 miles in diameter whereas at 
Palestine dome it is over 4 miles. The central salt core lies within the 
row of hills inside the “‘race track” and the diameter of the salt is 
probably 1 mile. 

Salt has been evaporated in small quantities at the broad saline 
in the northeastern quadrant of the dome. The wooden curbings 
of the shallow wells dug to collect the salt water are still visible. 

Several wells have been drilled to a shallow depth in search of 


oil as described below. 
TOPOGRAPHY 


The barren saline “race track” which surrounds Butler dome 
surpasses in extent and continuity that of any other dome. Circular 
drainage outlines Palestine dome and circular drainage with salines 
outlines Price’s dome in Louisiana, but groups of trees separate the 
salines on Price’s dome so that the circle is not completely barren. 
The diameter of the circle at Price’s dome is slightly over $ mile, at 
Butler dome almost 14 miles. In both domes the drainage divide in 
the circle is so low and the sand covering the saline is so wet that it 
is imperceptible except in the driest weather. 


tE. G. Woodruff, Bull. Southwestern (Amer.) Assoc. of Petroleum Geologists, Vol. 
I, 1917, p. 81. 
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Within the “race track” is the central “‘hill,” or “mound”; a 
series of hills at Butler, a single hill at Price’s. Sink holes are found 
on the hill in each dome; Llewellyn Gin Lake at Butler, and several 
small, dry sink holes at Price’s. The maximum relief within the circle 
at Butler is 80 feet, at Price’s 60 feet. 

Outside the “‘race track” a rim of hills with steep slopes toward 
the saline surrounds Butler dome. Their relief is 70 to 80 feet above 
the saline, the same as the relief of the inner hill, with the exception 
of a monadnock of calcareous sandstone, called Rocky or West 
Point Mountain, which has a relief of over 100 feet. The other hills 
are composed of Wilcox sandy clays and outcrops are found along 
the base of the hills behind the line of springs. 

Drainage of Butler dome is by Burton Hollow on the west and 
Saline Creek on the east, both emptying into Trinity River on the 
northeast. Burton Hollow, the larger creek, is fed by numerous 
springs and by radial branches flowing toward the dome. The source 
or the drainage is a gully on the Oakwood road and tributary branch- 
es are Saline Branch flowing through Mason Hollow, Mill Creek, 
and Gaston Branch Saline Creek rises in the saline prairie and is fed 
almost entirely by springs. Burton Hollow on the north empties into 
Blue Lake, a wide flat area covered by a shallow lake most of the 
year. Elevations with reference to sea level have not been deter- 
mined in this region, but the assumed elevations on the map, Figure 
13, must be approximately correct. 


SPRINGS AND MOUNDS 


Springs of fresh and of mineralized water characterize salt domes 
and commonly wells in the center of domes find undrinkable water. 
Contrary to usual conditions, water in shallow wells at Llewellyn 
Gin is potable. Salt, sulphur, iron, and alum are the minerals usual- 
ly associated with the water. Many springs seep from the edges of 
the hills surrounding the saline “‘race track,” others rise on the sur- 
face of the saline. Some have no pool of water, others form minature 
mud volcanoes, still others form pools of water surrounded by 
quagmires of unknown depth. One of the largest mineralized springs 
on interior salt domes is a strong sulphur spring in the center of 
Vacherie dome, Louisiana, where the sulphur odor permeates the 
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surrounding woods. An important sulphur spring occurs at the foot 
of West Point Mountain near Blue Lake. 

The origin of the water in most of the springs and in the sandy 
surface of the saline is from upturned water-bearing sands. Salt 
water sands are found at shallow depths in the Coastal Plain and 
the uplift and erosion of the domes truncates these sands and per- 
mits artesian flows. Strongly mineralized water usually rises through 
joints, fissures, or faults, from greater depths. Many salines not con- 
nected with structural uplifts derive their salty water from normal 
impregnation of salt in certain Eocene horizons. 

Mounds, of the type well known in the Coastal region, are 
abundant on Butler dome. They vary in size from a few feet to 100 
feet in length and breadth, in height from a few inches to 4 feet. The 
best example on any interior dome is a newly formed mound north- 
east of Blue Lake and southeast of West Point Mountain. In 1923 
it was 2 feet high and 6 feet in diameter with sharply curved sides 
and a flat top. It was composed of yellow clay dry on the outer two 
inches but plastic beneath so that the mound could be shaken like a 
bowl of jelly. A pole could be pushed down for over 1o feet in the 
center and the mud squeezed the pole out again, yet no water ran 
out of the mound. Most of the mounds at this dome are formed by 
creep of water-saturated clay below springs on the edge of the saline, 
but the new mound and many others nearby rise on the flat saline 
and are caused by springs carrying more or less gas. 


GEOLOGY 


Surface geology.—The oldest known formation at Butler dome 
consists of clays which weather black or yellow in color and which 
contain a few rolled Cretaceous fossils. These are found with a few 
score small phosphate nodules at one place in the side of a gully 
southwest of the junction of the Bonner Ferry and Oakwood roads. 
These have been identified by Dr. Stephenson, as previously de- 
scribed by the writer, as of Upper Cretaceous age." The microfauna 
is Cretaceous according to A. L. Selig. Rolled fossils and phosphate 
nodules occur also in the Navarro clays north of Barrett and Green- 
wood well No. 1, on Keechi dome, and therefore the Butler clays are 


t Amer. Jour. Sci., Vol. 49, 1920, p. 128. 
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probably of Navarro age. The center of the dome seems to be capped 
with red Wilcox sandy clays which obscure other outcrops. 

The fossils collected in 1919 were Cucullaea sp., Exogyra sp., 
Trigonia sp., and Cardium spillmani Conrad (?). In a collection 
made in 1924 Dr. Stephenson and Dr. Julia A. Gardner identified 
Inoceramus sp., Exogyra sp., sharks teeth, and fragments of am- 
monites. 

Above the Navarro and on the inner rim of Burton Hollow be- 
tween the two roads to the southwest of Butler a bed of concretions 
which stands up conspicuously from the surrounding shales carries 
fossils of Midway age identified by Dr. Stephenson. They are ob- 
tained most easily near the north road from a few concretions in 
which the original shale has not been impregnated with limonite or 
contorted by cone-in-cones. Dr. Julia A. Gardner has published a 
list of 40 fossils from this locality.1 The adjacent shales contain an 
upper Midway microfauna identified by A. L. Selig. The same bed 
of concretions can be traced around the southwest quadrant of the 
dome and can also be found southeast of West Point Mountain and 
northwest of the Duncan wells. 

Typical Lower Wilcox (Indio) red, gray, and chocolate colored 
sandy clays containing limonite concretions and lignite beds form the 
hills surrounding the circular saline. The chocolate or lavender shales 
carry leaf impressions. The race track is eroded in the lower portion 
of this sandy shale series and the symmetry of the race track is 
caused by the circular outcrop of the same easily eroded bed. 

Plant impressions were collected by O. B. Hopkins and also by 
F. B. Plummer in the lower part of the calcareous sandstone of 
Carrizo age which forms Rocky or West Point Mountain north of 
the dome. The locality is near the eastern end of the mountain. 
These collected by Hopkins have been identified by Berry as of Wil- 
cox age.? This sandstone which is identical in appearance with the 
“‘limestone’’ at Steen Saline, was quarried in 1870 and used for the 
railroad abutments over Trinity River. Carrizo sandstone is not 


™“New Midway Brachiopod, Butler Salt Dome,” Amer. Jour. Sci., Vol. 10, 1925, 
PP. 134-38. 

2K. W. Berry, U.S. Geol. Surv., Professional Paper 131: The forms are Mespilo- 
daphne coushatta Berry?, Palmocarpon butlerensis Berry, Proteoides wilcoxensis Berry, 
Sophora repandifolia Berry?, and Calatoloides eocenicum Berry. 
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recognized elsewhere around this dome except in the bank of Trinity 
River at Bonner’s ferry. 

Underground geology.—Six shallow wells in search of oil have been 
drilled on and around the dome and their location is shown on the 
map, Figure 13. Three are on what was formerly the J. M. Duncan 
farm on the northeast side of the dome and were drilled to depths of 
200, 700, and 1,220 feet, respectively. None of them reached salt. 
Two of them flow fresh water. A well was drilled at Llewellyn Gin 
and the casing may still be seen. It reached salt at about 312 feet and 
was abandoned in it at about 1,200 feet. Two wells were drilled west 
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Fic. 14.—Cross-section of Butler salt dome from west to east along the line A-B 
of Fig. 13 with the salt core represented as an almost cylindrical plug. 


of the gin on the Cornwell farm to a depth of about 700 or goo feet. 
Artesian water flows from the southernmost of the Cornwell wells. 

Only a few deep wells have been drilled in this vicinity. The 
Mike Healy test on the McDaniel farm near Butler, 5 miles west of 
the dome, reached a depth of 4,000 feet, but the log does not record 
chalk near the base. The Keechi Petroleum Company well on the 
McKinnon farm, John Carson survey, in Leon County, 12 miles 
southwest of the dome, was completed with cable tools. The log re- 
ports chalk from 3,943 to 4,003 feet which is probably Pecan Gap. 
The Sun Company Worthy well at Donie had a chalk at 3,185 feet 
which may be Pecan Gap and stopped in Austin chalk at 4,186 feet. 
If these correlations are correct the normal section at Butler dome 
would have Pecan Gap chalk at about 3,900 feet, Austin at 4,goo 
feet, and Woodbine at 5,800 feet. 
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Structure.—The quaquaversal dips surrounding the dome have 
already been described. The steepest are 70° on the hills inside Bur- 
ton Hollow. Those on the inner side of the outer rim of hills vary 
from 20° to 55°. The ferruginous sandstone on Rocky or West Point 
Mountain dips 17°. Faulting has not been observed and the uplift 
seems to be very regular. 

The diameter of the circular saline is 7,500 to 8,000 feet, of the 
salt core 1 mile, and that of the area uplifted by the doming is prob- 
ably 33 miles. The edges of the salt core are probably steeply in- 
clined as shown in Figure 14 because the area uplifted is not as great 
as at Palestine. If the oldest beds exposed by normal upturning are 
of Navarro age the amount of their uplift is about 2,500 feet. The 
lack of exposures within the outcrop of Cretaceous shales may indi- 
cate slight solution and subsidence of the top of the salt core besides 
that at the Gin lake. The red Wilcox soil now covering it may have 
washed in over either the Cretaceous or the dissolving salt, probably 
over the latter. 


INTERIOR SALT DOMES OF LOUISIANA 


W. C. SPOONER 
Shreveport, Louisiana 


ABSTRACT 


The eleven known interior salt domes of Louisiana, herein described, are distinct 
and separate from the Gulf Coast domes. They occur in an area of Claiborne Eocene 
exposures, on the east flank of the-Sabine uplift, in the northwestern part of the state. 
They are distinguished from the common salines by characteristic salt-dome topog- 
raphy and other surface manifestations. 

This paper lists the more important publications on the Louisiana interior domes, 
dating from Forshey, in 1850, to Harris, in 1910, and adds thereto much new informa- 
tion secured by recent drilling and by special investigations of the author and others. 

All but one of these domes have been partially explored by drilling for oil and gas, 
but as yet no production has been found. The history, topography, and geology of 
each dome are described in detail. 


INTRODUCTION 
LOCATION OF SALT DOMES 


The salt domes of Louisiana, based on the geographic distribu- 
tion, are divided into interior and coastal domes. The coastal domes 
occur in a belt about 70 miles wide, bordering the Gulf of Mexico. 
The known interior domes, separated from the coastal domes by a 
district apparently lacking salt domes, are limited t) a rectangular 
area on the east flank of the Sabine uplift, about 75 miles long and 
35 miles wide, which includes most of Bienville and Winn parishes. 
The longest dimension of the rectangle extends from southern Winn 
Parish to the Vicksburg, Shreveport & Pacific Railroad in southern 
Webster Parish, and is parallel to the axis of the Sabine uplift. 

Bistineau salt dome, in southern Webster Parish, is located in the 
northwest corner of the rectangle; Vacherie dome is on the line of 
Webster and Bienville parishes; Arcadia, Rayburn’s, King’s, and 
Prothro domes are in Bienville Parish; Coochie Brake, Cedar Creek, 
Winnfield Quarry, and Price’s domes are in Winn Parish; and Drake’s 
dome is on the line of Winn and Natchitoches parishes. The loca- 
tions of the salt domes are shown in Figure 1 and Plate 5. 

The Sikes dome, in northwestern Winn Parish, is probably a salt 
dome, although neither cap rock nor salt has been found. A well 


269 


270 W. C. SPOONER 


now being drilled in Sec. 15, T. 18 N., R. 7 W., Webster Parish, 
found the Upper Cretaceous at a depth of 570 feet, the top of the 
Lower Cretaceous probably at 978 feet, and anhydrite at 1,169 feet, 
indicating beyond reasonable doubt that it is on a typical salt dome. 


SALINES 
In addition to the salt domes described here, there are several 
localities which may, on further exploration, prove to be typical 
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INDEX MAP OF NORTH LOU/SIANA 


e SALT DOMES @OIL&GAS FIELDS + SALINES 


Fic. 1.—Index map of northern Louisiana and southern Arkansas showing loca- 
tions of salt domes and oil and gas fields. 


salt-dome structures. These localities, commonly known as “salt 
licks,” or “‘salines,” are usually barren, or nearly barren, spots where 
salt waters reach the surface from shallow depths. Sulphur water is 
found associated with the salines in some places. Characteristic salt- 
dome topography, steeply dipping beds, and outcrops of rock older 
than those usually found at the surface have not been recognized 
in these localities. The better known and most characteristic of the 
salines are listed: 

Bayou Castor Saline, in southeastern Winn Parish, about 3 miles 
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Fic. 2.—Lower Cretaceous sections showing relation of these beds in southwestern 


Arkansas, northwestern and northeastern Louisiana. 
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north of Rochelle; the salines cover portions of Secs. 15, 16, 21, and 
D2e\ De lOON ye ives 

Brown’s Saline, in southeastern Winn Parish, 18 miles southeast 
of Winnfield and 3 miles northwest of Rochelle, in Sec. 30, T. 10 N., 
Reteh; 

Salt Springs, in southeastern Red River Parish, along Grand 
Bayou, in Sec. 22, T. 12 N., R. 8 W.; open saline with springs of 
weak brine and springs flowing sulphur water. 

Clear Lake, in T. 11 N., R. 6 W.; salt and sulphur water in spring; 
gas emanations. 
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Fic. 3.—Diagrammatic section showing the southward thickening of the Wilcox 
formation. 


SOURCES AND ACKNOWLEDGMENTS 


Many references to the salt springs of northern Louisiana are 
found in the published accounts of the early travelers and explorers 
of this region. A very complete list of references is given by Veatch" 
and DeGolyer.? The first notable contribution to the knowledge of 
the geology of northern Louisiana was by Hilgard’ in 1869 and 1873. 
The later publication contains the more detailed statement of the 
geology and the salines. Other investigators of this period were 
Hopkins, Lerch, and Vaughan.‘ 

tA. C. Veatch, “The Salines of North Louisiana,” Geol. Survey of Louisiana, Report 
of 1902, Special Paper No. 2 (1902), pp. 49-50. 


2 E. DeGolyer, “Origin of North American Salt Domes,” Bull. Am. Assoc. Petro- 
leum Geologists, Vol. 9, No. 5 (August, 1925), pp. 831-74. 

3K. W. Hilgard, “Summary Result of a Late Reconnaissance of Louisiana,’ 
American Journal of Science, 2d Ser., Vol. 47 (1869), pp. 78-88; Supplementary and 
Final Report of a Geological Reconnaissance of Louisiana, New Orleans, 1873. 


4 See literature. 


INTERIOR SALT DOMES OF LOUISIANA 273 


The most important period of investigation began in 1889 and 
continued to 1910. During this period G. D. Harris and A. C. 
Veatch, of the Geological Survey of Louisiana, mapped and de- 
scribed the geology of Louisiana. The Salines of North Louisiana, 
by A. C. Veatch, published in 1902, contains a very detailed and 
complete description of the then known salt domes of this region. 
The numerous publications by these authors are referred to else- 
where or listed in the bibliography. 

In preparation of this paper the writer has spent considerable 
time in field work, mapping the topography and geology of the sev- 
eral salt domes with telescopic alidade and plane-table. He has col- 
lected and carefully examined all available data, such as well records, 
cores, and cuttings, aad has used freely previous publications, for 
which credit is given in the proper places. 

It is a pleasure to acknowledge the whole-hearted co-operation of 
the geologists of this region, who have generously furnished informa- 
tion, assistance in mapping, and valuable suggestions, and it is a 
regret that lack of space prohibits acknowledgment to each indi- 
vidual. The companies have been equally generous in furnishing 
available information. The writer is especially indebted to Francis 
X. Bostick for the examination and correlation of samples and cores 
from wells drilled on Arcadia and Vacherie domes, and for other 
valuable assistance, and to A. L. Selig, for examination and correla- 
tion of numerous samples from wells and outcrops, and for assistance 
and valuable suggestions too numerous to mention. L. W. Stephen- 
son, of the U. S. Geological Survey, has identified many of the fossils 
collected from the salt domes. H. V. Howe, of the Louisiana State 
University, has identified many of the Tertiary fossils and assisted 
the writer in many other ways. The many helpful suggestions offered 
by Sidney Powers have been invaluable. The whole paper has been 
read and criticized by J. P. D. Hull. 


EXPLOITATION 


Long before the coming of the white man to northern Louisiana, 
the Indians came to Drake’s, King’s, Bistineau, and other salt 
domes for their supply of salt. Pottery débris, evidencing Indian oc- 
cupation, is abundant on some of the salt domes, and the accounts 
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of the earliest travelers in this region contain many references to the 


Indian trade in salt. 


TABLE I 


WELLS DRILLED ON THE INTERIOR SALT Domes OF LOUISIANA 











N Year | Total |’ Cap 
Company Farm era Location* Com- | Depth | Rock 
ee pleted | (Feet) | (Feet) 
Arcadia: 
Arcadia‘ Oil Cotes va esraae Anderson 3 29, 18N.,5 W. 1920 | 2,257 No 
Arcadia Syndicate........ White I 290,18 N.,5 W. 1922 | 1,435 | 1,282 
Arcadia Syndicate........ Madden I 19,18 N.,5 W. 1922 | 2,000 | 1,412 
Arcadia Syndicate........ Pentecost I 20,18N.,5 W. 1922 | 4,012 | 2,678 
Arcadia Syndicate........ McGuire I 30,18 N., 5 W. 1923 | 3,450 | 3,040 
Arcadia Syndicate........ Anderson t 290,18N.,5 W. 1923 | 3,225 No 
Vacherie: 
Standard Oil Corea. ee Jordan I 16,17 N.,8 W. 1922 807 709 
Standardi@il Coma. secre Stephens 1 21,17 N.,8 W. 19023 788 658 
Standard! Oil' Cow... coe. Scott I 21,17 N.,8. W. 1923 | 2,558 No 
Standard Oil Cox 2. sc. o- Woodard and ie 16,17 N., 8 W. 1924 | 1,872 No 
Walker 
Bistineau: 
Gulf Refining Co......... Bistineau I 2,17 N.,10 W Io1o | 2,523 No 
Gulf Refining Co......... Bistineau 2 | 35,18N.,10 W IOT3 | 2,305 | 1,375 
American National Oil Co.} Crichton I 26,18 N., 10 W 1920 | 3,245 ° 
ng’s: 
The Pardee Co..........] Fee he 35,15 N.,8 W Iol4 404 I6r 
The: Pardee: Co.a.ccs ee als Fee 2 26,15 N.,8 W. FOU SH |eea cease lereicets 
The Pardee: Come cone care Fee 3 26,15 N.,8 W. TOES |) 29442) || 1,423 
Louisiana Oil Refining 
OVD eaeie hae ee ieee Huckaby I 27,15 N.,8 W. Ig2t | 2,232 ? 
Louisiana Oil Refining 
OLD ycravsrcpetersceterts iets isto Huckaby 2 27,15 N.,8 W. I92t | 2,505 No 
Rayburn’s: 
Hodge-Hunt Lbr......... Fee 2 29,15 N.,5 W. 1923 | 3,003 No 
Hodge-Hunt Lbr......... Fee 3 30,15 N., 5 W. 1923 277 65 
Price’s: 
VivianiOiliCoycrcc nese Bodcau er 25 13.N.,4 W. Tt t t 
Drake’s: 
SavagerBrosueemener ice Artesian well |...... 21,12N.,5 W. |1864-65| 1,011 r 
Davare BIOs. cccemrnimtce Fee I 21,12 N.,'5 W. 1906 | 2,262 200 
SEMI OII EES oo poanances Fee 2 21,12 N.,5 W. 1907 | I,510 ? 
Winnfield Quarry: 
TampicolOil Cosas So. Min. Co. I ro, 11 N.,3 W. Ior4 | 2,112 it 
Cody Petroleum Co...... So. Min. Co. I to, 11 N.,3 W. 1922 | 1,100 | Surf. 
Cody Petroleum Co.......] So. Min. Co. 2 24,11 N.,4W 1922 | I,242 No 
Gulf Refining Co......... So. Min. Co. I 30,11 N.,3 W 1923 | 4,021 ? 
Coochie Brake: 
Cody Petroleum Co...... Edenborn I SL LOUNGE AMV Voom linet I,Q12 No 
Cody Petroleum Co...... Edenborn 2 BL. TONG AW) Ullecreieteree 3,000 No 
Cedar Creek: 
The Pardee'Co.......<.- Fee I 31,11 N., 2 W. Iogr4 | 1,120 806 
The Pardee Co........... Fee 2 Br. 00 Ne oiWie 1914 | 2,650 No 
WhetPardes (Comesases. a. Fee Q 31,11 N., 2 W. IQI7 800 Yes 
Pacerel ahs emcncxinaecnne Pace I 31,11 N.,2W. |1903-7 No 
Paceret-aliaecetcmorening Pace 2 31,11 N.,2W. |1903-7 ee Yes 
Winnfield Oil Co......... Butler2 ~ Welt 31,11 N.,2W. |1903~7 ||1°9°° | Yes 
Winnfield Oil Co......... (Cites noon 31,11 N.,2W. |1903-7 P 








* Section, Township, and Range, in this and following Tables. 


{No record available. 





The early settlers made salt for local consumption, but it was not 
until the time of the Civil War, when the federal blockade of the 
southern ports became effective, that salt-making commenced on a 
large scale. People then came from Texas, Arkansas, Mississippi, 
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and even more distant states to engage in salt-making. Bistineau, 
King’s, Rayburn’s, and Drake’s salt domes were the largest pro- 
ducers, but salt was made in considerable qualities, also, at several 
other localities during this period. Accurate records of the produc- 
tion are not available, but it is estimated that in 1862, 1863, and 
1864 there were 1,000 to 1,500 people engaged in salt-making at 
Bistineau. The daily production from Rayburn’s for the same period 
is estimated to have been 1,000 to 1,200 bushels. Production records 
and estimates are not available from the other domes, but it is 
known that King’s, Drake’s, and Price’s domes were large producers 
of salt, and this fact is borne out by the number of brine wells and 
remnants of evaporating equipment found at these places. With the 
close of the war the making of salt on a large scale ceased. 

Limestone was quarried at Winnfield before the Civil War and 
burned for lime, and at the present time a crushing plant with a 
daily capacity of more than 1,000 tons is in operation. 

Exploration for oil and gas began in 1903, shortly after the 
discovery of oil at Spindletop, when the Winnfield Oil Company 
commenced the drilling of a well in Sec. 30, T. 11 N., R. 2 W., on 
Cedar Creek dome. This well penetrated cap rock at a depth of 
about 800 feet, and continued to a depth of about goo feet, where, 
because of the hard rock and inadequate drilling equipment, it was 
abandoned. 

The first deep well, reaching a depth of 2,523 feet, was drilled 
in 1910 by the Gulf Refining Company. It was located in Sec. 2, 
T. 17 N., R. 10 W., on the south flank of Bistineau dome. In all, 
more than 30 wells, all failures, have been drilled on or around the 
salt domes for the purpose of testing their oil and gas possibilities. 
A few of these have had small shows of oil; some gas; but none of 
sufficient volume to be considered a commercial well. Arcadia dome, 
with seven wells, and Vacherie dome, with four wells, have received 
the most thorough tests. Here are listed the wells drilled on and 
around the different domes (Table I). 


GENERAL GEOLOGY 
REGIONAL PHYSIOGRAPHY 
The interior salt domes lie in that physiographic province of the 
Coastal Plain known as the hill lands of Louisiana. It is a dissected 
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plain which slopes gently gulfward. It has an altitude of 350 to 400 
feet above sea-level in the northern part, and 250 feet in the southern 
part of the salt-dome area. The region is drained by southward- 
flowing streams which empty into Red River to the west and south. 
From west to east these streams are Bayou Dorcheat, Black Lake 
Bayou, Saline Bayou, and Dugdemona Bayou. They flow in wide 
flat valleys, characteristic of the streams in northern Louisiana. 











































































































































































































SALT CORE GEOLOGY E 8 
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(2) A short distance down the flank (b) Uplift greater than indicated in outcrops. (c) Uplift not determined but amounts to several hundred feet. 


Fic. 4.—Table giving the essential characteristics of the interior salt domes of 
Louisiana. 


SURFACE MANIFESTATIONS OF SALT DOMES 


The surface manifestations of the salt domes of this region are 
the result of truncation of highly localized structures of great relief. 
Truncation, assisted in some placés where the salt mass lies near the 
surface by the removal of salt in solution, has produced the peculiar 
topographic forms consisting of a central basin area encircled by 
hills. This form, which is the most common in the region, is 
well illustrated by Rayburn’s and Prothro salt domes (Figs. 15 
and 11). Another topographic form, not uncommon in Texas but 
represented in this region only by Price’s salt dome (Fig. 17), con- 
sists of a central hill surrounded by a circular drainage system. 
Where truncation is deep and the salt mass near the surface, salt 
licks, or salines, barren or sparsely covered with vegetation, are 
usually grouped around the periphery of the central basin. Char- 
acteristic salt-dome features are steeply tilted rocks, outcrops of 
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formations older than those usually found in the region, and springs 
of water, either fresh, slightly brackish, or mineralized with sulphur 
or alum. 
STRATIGRAPHY 
The Claiborne group of the Eocene is found at the surface in the 
salt-dome region of northern Louisiana, but older Eocene beds, as 
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Fic. 5.—Topographic map of Arcadia salt dome 


well as strata of Cretaceous age, appear at the surface in isolated 
outcrops on the domes. The oldest beds penetrated in the deep 
wells on and around the salt domes belong to the Comanchean 
series of the Cretaceous. 

The brief discussion of the stratigraphy that follows is based 
largely on information obtained from the deep wells. The character 
and thickness of the several lithologic units can be determined with 
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ARCADIA DOME-CORRELATION OF WELLS 


Fic. 6.—Well section on Arcadia salt dome 
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considerable accuracy, but correlation with the standard section of 
Texas is as yet a mooted question, and strongly emphasizes the need 
of systematic stratigraphic work, not only on material available 
from this region, but also in southern Arkansas, where these beds 
crop out. 

A detailed discussion of the stratigraphy of each dome is given 
under the description of the salt domes. 

The generalized stratigraphic section of this region is here given. 


GENERALIZED SECTION*’OF FORMATIONS IN THE SALT-DOME 
REGION OF NORTHERN LOUISIANA 














System Series Group Formation ar sos 4 S 
Recent 
Quaternary 
Pleistocene 
Yegua 200-400 
St. Maurice IOO-150 
Claiborne ~ | 
Tertiary Sparta sand 400-550 
Eocene | 
Cane River 75-150 
Wilcox 800-2, 500 
Midway 450+ 
Arkadelphia 150-200 
Gulf (Upper Nacatoch 150-200 
Cretaceous) 
Marlbrook 
Annona chalk 550-650 
Brownstown 
Bingen Undifferentiated 
Cretaceous (Blossom sand 800-1 ,000 
at the top) 








Comanchean | Washita ; ; 
(Lower Cre- | Fredericksburg | Undifferentiated 3,000-++ 
taceous) Trinity 





GULF SERIES (UPPER CRETACEOUS) 


Following an erosion interval of some duration, Upper Creta- 
ceous sedimentation began with a basal sand (Woodbine). The alter- 
nation of sand, shale, and chalk indicates many changes in the rela- 
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tive depth of the sea wherein these sediments were deposited, but 
no distinct unconformities within the series are recognizable. The 
lateral variation in the character and thickness of the basal beds 
(Bingen group) suggests that the sea advanced from the south and 
west, and that the sediments were derived from the Appalachian 
rather than from the Ozark mountain system. 

The work of revising the stratigraphy of east Texas and south 
Arkansas is now under way; until this work is completed and corre- 
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Fic. 7.—Cross-section of Arcadia salt dome 


lated with the Louisiana sections, only a tentative correlation can 
be made for this region. The Gulf series is divided as follows: 
GENERALIZED SECTION OF UPPER CRETACEOUS 


FORMATIONS IN THE SALT DOME REGION 
OF NORTHERN LOUISIANA 


Gulf Series (Upper Cretaceous) Feet 
Aika del hick tO ria ti OD aera e ae I50- 200 
INFO NOMAMNOOW oc cacvcncoonogonge I50- 200 


Marlbrook formation Marland 


Anona chalk aes 550- 650 
Brownstown formation 
Bingen group (including Blossom sand at 

the: Cop) ra) ~edcnee ed oe eee eee: 800-1 , 000 


BINGEN GROUP 

The Bingen group is herein used to designate those formations 
which, in the earlier publications, were correlated with the Blossom 
sand, Eagle Ford shale, and Woodbine sand. The name Bingen was 
applied to the basal Upper Cretaceous beds in southwestern Arkan- 
sas by Veatch" who considered them the equivalent of the Woodbine 


1 A. C. Veatch, “Underground Water Resources of Northern Louisiana and South- 
ern Arkansas,” U.S. Geol. Survey Prof. Paper 46, 1906. 
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sand and Eagle Ford shale of Texas. Later stratigraphic work has 
proved that in part, at least, the beds formerly correlated with the 
Eagle Ford are younger in age, but until further stratigraphic work 
is done, it is not possible to differentiate the beds herein grouped in 
the Bingen. 

The Bingen group in the salt-dome region is in a general way 
divisible into these members: (1) sand 75-100 feet thick (Blossom 
sand), (2) marine shales in western part, sandy shale in eastern part, 
and (3) basal sand and clay. 

The basal members usvally begin with a red-clay member 1o- 
40 feet, but locally as much as too feet, in thickness. Above this 
bed are 75-150 feet of alternating beds of sand, shale, and sandy 
shale in which plant remains and thia lignite partings are common. 
Chloritic material is present locally and accounts for the greenish 
and purplish tints of some of the sands in this member of the Bingen 
group. 

The succeeding 600-700 feet of beds consist of marine shale and 
sandy shale. The shale predominates in the western part, and sandy 
shale in the eastern part, of the salt-dome region. None of the deep 
wells has penetrated these beds in the southern part of the area. 
The shales are gray to dark colored, and are in part chalky and 
calcareous. On the west side a thin limestone bed near the base is 
present in some places. Northeastward from this region these beds 
thin rapidly and are represented by sands which cannot be dis- 
tinguished from the sands above and below. 

The upper member of the group consists of 75-200 feet of sand, 
commonly known as the Blossom sand. It underlies all of this region 
but is known to outcrop at Rayburn’s salt dome in Sec. 31, T. 15 N., 
R. 3 W., and at Prothro salt dome in Sec. 18, T. 14 N., R. 6 W. 
It is particularly well exposed in the latter locality. Where it out- 
crops in Louisiana it is a greenish-gray calcareous sandstone and, 
according to Ross,t who examined several samples from the out- 
crops and drill cores, it is made up of rounded quartz and novaculite, 
angular feldspar, and grains of igneous rock. It represents a horizon 
of volcanic tuffs that have been mixed with detrital material. The 
upper few feet of the sand is consistently coarse, often containing 


¥ Clarence S. Ross, personal communication, July 22, 1924. 
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pebbles 4-3 inch in diameter. The following well record illustrates 
the character of the Bingen group in the north-central part of the 
salt-dome region. 


SECTION OF BINGEN IN ROXANA PETROLEUM 
CORPORATION—BRYAN NO. 1 


Thickness Depth 
“eet) 


Sec. 30, T. 17 N., R. 6 W. (Feet) 


Blossom Sand: 


Sai Ginn cre Meet ror Re eee ovate etsucrare 5 2,776 

Sand Asal watermeaercattecrvmere rer 4 2,780 

Hardisamdhiceas, se ecacees sree tcorceeerean es I 2,781 

Fine soft sand with shale streaks........ ike) 23704 

ANC. eodirencrencs ouuencces. a ansren erat aeerNes 155 2,946 

Sandkandapow. deismena tet meters 2 2,948 
Gum bO tear eerie crear aor aateatrtn tae sean Ac 8 2,956 
Hardishale wy tsccitucccs Hane racers ea cette 20 2,976 
Shalerandibowldersnay see ee cee 24 3,000 
Sticky: shal etmscm: am vcore teers een vemene ats 5 3,005 
Bowlderse tiyassvctucsc cles taceraerrie ase iiioas site) 3,015 
Gumbotratepcerace tale ue eee ene ee one 3 3,018 
Ear dilinvestone sears eee tira Io 3,028 
IBrOkenwimeandsshale sem erie rae 14 3,042 
Sandy shallows wenn cents rae hr ansene ree oes 13 BROS 
Sand andsbowldersm sae re een eee 30 3,085 
oughecum bone seaeasceiw cee errors ae 9 3,004 
SandeandsbowlGers rp mien meena ran nar ters 14 3,108 
Hardelimestone serine et cei rer 9 Gioamy) 
Broken limestone and shale............... IO So OG] 
Shale and gumbo, blue and gray........... 73 3,200 
IBrokenslimestone yaaa renee Taree 20 3,220 
Shalev cetera spy eects hae eee ee 67 3,287 
iHardisandsandsctaycl area eer Pierre rn aera: ER 3300 
SanciyashalewMossilitlOus saseier tiene 53 Benge 
Hardeshalerseawcstn onic raion ote ere ee 37 3,390 
Sangdy(shaleterac st cs eee retire: ike) 3,400 
SHITG Pome h ABE reInOnan atic nin detoten pee 15 Bogie 
Shaletan duct bO me ert ein reer e 24 3,439 
Sandy shale s.5 Vice cate reser 2 3,441 
Hard shale. cre tcr mics Cia eer eee 28 3,469 
Sandy shalex soe ys Sp nee op. sane 2 3,472 
Hardvdark:Shaletn wea enter rent eens 53 BRSai5 
Shalessancistreakcepaeepecemntireneriae 38 3,563 


Shale‘and: gumbo... 2am ae reece 29 3,592 
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Sec. 30, T. 17 N., R. 6 W. bee fe 
Si are Sand welcome secon au acres nae ene I 3,593 
pe Lal eee tcl 2 ae Er ee 23 3,616 
COED EUG Ae, oscars ck Attra tetar che at ae 24 3,640 
GLUT Oper ea ete eet neha NE eine oak. ehs II 3,651 
SU eh pee eee a Eee arc howe Greece 18 3,669 
lard shalewsand’streaks...--.5---44-- 02 51 3,720 


CHALK AND MARL SERIES 

Above the Bingen is a series of marl and chalk beds aggregating 
550-600 feet in thickness., In the order of their deposition, these 
beds have been named the Brownstown marl, Annona chalk, and 
Marlbrook marl. The last-named formation includes the Saratoga- 
chalk member. The age relationship between these beds and the 
chalk beds of northeast Texas has not been determined. The beds 
are not normally at the surface in northern Louisiana, but isolated 
outcrops are found on several of the salt domes and are particularly 
well exposed on Rayburn’s and Prothro salt domes in Bienville 
Parish. 

The lower 150-200 feet of these beds consist of yellowish-green 
clay-marl with some interbedded, impure chalk. The upper 20-50 
feet are gray sand and sandy clay. The succeeding 75-100 feet are 
hard, white chalk, and the upper portion of this series consists of 
shale, marl, and chalk. The amount of chalk is variable, but is most 
abundant in the southern and western parts of the salt-dome region. 
The following is a typical well record of this series: 


SECTION OF CHALK SERIES IN ROXANA PETROLEUM 
CORPORATION—BRYAN NO. 1 


Thickness Depth 


Sec. 30, T. 17 N., R. 6 W. (Feet) (Feet) 
@hallevashalememwatannm tert. reich acto aan 30 2,190 
res Cel yy Lia (op Angie coche in Be SA een eS a 2,107 
Chalk achalewcre myer tte orn eth acres 21 2,218 
UTA OMe rare eet sions oor na ior ones 10 2,228 
Chalkysshalewamen prec  a ciety ors 4 2,232 
Pimestoue (Gard Chalk) ciee ep ors. sama 8.0% 81 2,313 
(Galler orice c riers Se oven IOI 2,414 
CHAU VaSbAlC her wir aper ne soneitieth's autor aval ence 21 2,435 
(Ghalkgandicamdmewenrestcee etc asia vente crite 2 2,437 


Broken linvestonemeere nitaisieatctorte/slereretstere 4 2,441 
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Thickness Depth 


Sec. 30, T. 17 N., R. 6 W. (Feet) (Feet) 
Chalky: shalesefyanasiae titer sia oreo 35 2,476 
Chalke eR reece iron cee eercrar cote ctars 5 2,481 
Ghalkvandshimestoncemmemres eran ore 59 2,540 
Shalerand’cumbow. ere eee 78 2,618 
Sandysshale.eydieae. canicteees re nateererarcterees 9 23027 
Shalerandecuin bosentan eit 44 DGG 


NACATOCH FORMATION 
The Nacatoch formation is not known to crop out in Louisiana, 
although on some of the salt domes it occurs at very shallow depths 
below the surface. In the well logs it appears as limestone with inter- 
bedded thin sandstone members. In the southern part of the salt- 
dome region only closely cemented fine sand is present. The aver- 
age thickness of the Nacatoch is about 200 feet. 


ARKADELPHIA FORMATION 

The uppermost Cretaceous of this region consists of 150-200 feet 
of dark-colored clays and chalky shales. In this formation were 
formerly included 300-400 feet of clays belonging to the Midway 


formation. 
EOCENE 


The Eocene sediments of this region comprise several hundred 
feet of sand, clay, marl, and lignite. These sediments were deposited 
under varying conditions, according as the strand line migrated 
back and forth over this region. The Eocene has been divided as 


follows: 
GENERALIZED SECTION OF EOCENE FORMATIONS 
OF NORTHERN LOUISIANA 


Claiborne group: Feet 
Weouamormationnemn eer rrr ern 200- 400 
Sta VlarinicelbedStementy ererr rie I0O- 150 
Spattassand ersenq mcr ey ee 400- 550 
Cane River bedste rere eeer 75- 150 

Wilcox formation...... APES COT 800-2 , 500 

MidwayaLonina LOnmee rr Eer ieee 400-- 


MIDWAY FORMATION 
The Midway formation underlies all of northern Louisiana, but 
does not appear at the surface unless it is on some of the salt domes, 
where lithologically similar beds are tentatively correlated with it. 


INTERIOR SALT DOMES OF LOUISIANA 285 


The Midway consists of gray and dark-colored clay shale, contain- 
ing an abundance of siderite concretions and, in some places, a slight 
amount of fine sand. On the outcrop in southern Arkansas, and in 
wells drilled in the Bellevue field in Louisiana, a fossiliferous lime- 
stone bed occurs at or near the base of the formation. This bed 
probably is present in other localities, but has not been recognized 
in the wells. The thickness of the Midway is about 400 feet, but it 
may be somewhat more in the southern part of the salt-dome region. 


WILCOX FORMATION 


The Wilcox formation, described in the earlier literature of this 
region as the Lignitic stage and as the Sabine formation, has been 
described by several writers, of whom Harris, Veatch, and Berry' 
are the important contributors. 

The outcrop of the Wilcox formation in Louisiana extends from 
southern Sabine Parish to the Arkansas line, and from the Texas 
line to some miles east of Red River. It also crops out on some of the 
salt domes, notably on Prothro dome in Bienville Parish. 

The Wilcox deposits of the salt-dome region consist of more or 
less extensive lenticular beds of sand and clay. The sands, which 
predominate, are commonly laminated, but also cross-bedded and 
massive in structure. Thin laminae-like partings of ferruginous 
sandstone, clay balls, and rounded sand concretions are commonly 
present. Calcareous sandstone and siderite concretions are abund- 
ant, and characteristic of this formation. The clays are usually 
finely laminated, and range in color from light buff to black. A 
considerable amount of lignitic matter is present in the Wilcox 
formation, either finely disseminated through the mass or accumu- 
lated in lignite beds. Mica in fine flakes is a common mineral in this 
formation. 

The marine phase of the Wilcox outcropping in Louisiana is 
generally limited to Sabine Parish. The lowest marine beds occur in 

« G. D. Harris and A. C. Veatch, ‘A Preliminary Report on the Geology of Louisi- 
ana,” Geol. Survey of Louisiana, Report of 1899, Part 5 (1900), pp. 64-73 and 299-309; 
“The Tertiary Geology of the Mississippi Embayment,” Geol. Survey of Louisiana, 
Report of 1902, Part VI (1902), pp. 11-17; A. C. Veatch, “Underground Water Resources 
of Northern Louisiana and Southern Arkansas,” U. S. Geol. Survey Prof. Paper 46 


(1906), pp. 34-36; E. W. Berry, ‘The Lower Eocene Flora of Southeastern North 
America,” U.S. Geol. Survey Prof. Paper 91, 1916. 
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the latitude of Marthaville and Pendleton, and are correlated with 
the Nanafalia beds, lowermost Wilcox, in Alabama. Deep wells 
drilled in Sabine Parish in recent years have revealed the presence of 
not less than 2,500 feet of sands, and clays, in part lignitic and fossil- 
iferous, which occupy the interval between the Nanafalia horizons 
and the Midway clays. According to George Stevens," fossils from 
these beds were identified by the U. S. Geological Survey as Wilcox. 
From their stratigraphic position they are obviously older than the 
oldest Wilcox in the Alabama section. 

Marine Wilcox is not generally recognized in the wells which have 
been drilled in the salt-dome region, nor is any present on Prothro 
dome, where more than 800 feet of beds are exposed. Farther south, 
along the Angelina-Caldwell flexure where few wells have been 
drilled, the marine phase is probably as well developed as in Sabine 
Parish. 

The Wilcox formation ranges in thickness from 800 feet in the 
northern part to more than 2,500 feet in the southern part of the 
dome region. The range in thickness is shown in a general way in 
Figure 3. 

CLAIBORNE GROUP 

The Claiborne group in Louisiana has been divided into an upper 
and a lower member. The upper member is represented by the 
Yegua formation, described in the earlier literature as the Upper 
Lignitic and the Cockfield formation. The lower member was desig- 
nated as Lower Claiborne, or the Lower Claiborne stage, until 1920, 
when Harris? applied the name “St. Maurice formation” to the 
Lower Claiborne member. The name was taken from the type local- 
ity of St. Maurice, Natchitoches Parish, Louisiana. The St. Maurice 
formation, as defined by him, includes all of the beds above the Wil- 
cox formation and below the Yegua formation. 

The deep wells drilled in this region, many of which were care- 
fully sampled and cored, have aided in giving a better understanding 
of the succession, character, and thickness of the Lower Claiborne 
beds than could be obtained from a study of the scattered outcrops. 


t Personal communication. 
2G. D. Harris, “Lower Tertiary of Louisiana,” Science, New Series, Vol. 31 
(1910), p. 502. 
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The accumulated data suggest that they are divisible, on lithologic 
and paleontologic grounds, into three distinct members, either one 
of which may be ranked as a formation. For convenience in de- 
scribing the geology of the region the following names have been 
used to designate these divisions—Lower Claiborne: St. Maurice 
beds, Sparta sand, Cane River beds. 


CANE-RIVER BEDS 

In the Cane River are included the 75-150 feet of beds above the 
Wilcox formation and belew the massive Sparta sand. The name 
Cane River, from the excellent exposures on Cane River at Natchi- 
toches, Louisiana, was suggested by H. V. Howe. 

These beds outcrop in a narrow belt trending northeast across 
southern Sabine and Natchitoches parishes. A few miles east of 
Red River the strike changes to northwest, and continues in that 
direction to the Arkansas line. The width of the outcrop is 3-7 
miles. 

An erosional unconformity separates the Cane River and Wilcox 
beds. The basal member consists of glauconitic sand and sandy clay, 
but in some places marine tuff is present at the base. Glauconitic 
clays predominate in the southern portion of the outcrop, but north- 
ward from Bienville Parish they become sandier, until, in northern 
Bossier Parish, they are represented entirely by sands, in part 
glauconitic, and containing a meager representation of the prolific 
fauna found farther south. The fauna of the Cane River beds have 
been described by Harris‘ and Vaughan.’ Harris groups the fauna 
under the St. Maurice and Claiborne stage, and Vaughan makes the 
following statement concerning these beds: “For Alabama, Missis- 
sippi, and Louisiana, excepting Natchitoches, the species are very 
nearly the same in all of these states for this division of the Claiborne. 
and apparently all belong to that horizon of the Lower Claiborne 
called the Lisbon beds.”’ Vaughan: lists the following species typical 
of the Cane River beds from Natchitoches, Louisiana: Amphthelia 

1G. D. Harris, “Pelecypoda of the St. Maurice and Claiborne Stages,” American 
Paleontology, Vol. 6 (1919), No. 31. 

2T, W. Vaughan, “The Eocene and Lower Oligocene Coral Faunas of the United 
States,” U.S. Geol. Survey Monograph 39, 1900. 

3 Op. cit., p. 27. 
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natchitoensis Vaughan, Madracis ganei Vaughan, Endopachys mac- 
lurti (Lea), Balanophyllia augustinensis Vaughan. 

From this statement it is obvious that Vaughan recognized a 
faunal province distinct from the remainder of the Lower Claiborne. 

The Cane River beds, as shown in records of wells drilled east 
and southeast of the outcrop, are made up chiefly of glauconitic 
clays with subordinate beds of sand. The thickness increases slightly 
in the eastern and southeastern parts of the salt-dome region. 


SPARTA SAND 

This division of the Lower Claiborne is limited below by the 
Cane River beds and above by the lowest fossiliferous horizon of the 
St. Maurice beds. The name “Sparta sand”’ was used by Vaughan* 
in 1896 to designate certain sands and gravels which, from his de- 
scription of their areal distribution, included the Sparta sand as 
defined above, as well as portions of the Catahoula sandstone of 
Oligocene age, and the Citronelle formation of Pliocene age. 

The Sparta sand, owing to the steep dips along the Angelina- 
Caldwell flexure, outcrops in a narrow belt from Sabine River to the 
northern end of Saline Lake. From this point northward to the vicin- 
ity of Minden it has a width of 10-15 miles. 

The lower half of the Sparta sand is made up chiefly of massive 
sand with interbedded subordinate members of laminated sandy 
clay. The massive sands are made up of quartz grains somewhat 
coarser than found in the Wilcox formation. The upper half con- 
tains a relatively greater amount of clay than the lower half. Mas- 
sive sands alternate with beds of finely laminated sandy clay, in 
part lignitic and in many places containing fossil leaves. The upper 
50 feet of beds contain a considerable amount of lignitic material 
and some thin lignitic beds which are particularly well exposed in 
the vicinity of the town of Bienville. The beds are commonly light 
colored, but, depending upon the amount of iron and carbonaceous 
matter, red- and brown-colored beds occur. Fossils are generally 
absent from the Sparta sand, but a few species of near-shore forms 
are found near the middle of the formation. The Sparta sand has a 
thickness of 400-500 feet, with the greater thickness in the northern 
part of the salt-dome region. 


tT. W. Vaughan, “A Brief Contribution to the Geology and Paleontology of 
Northwestern Louisiana,” U.S. Geol. Survey Bull. 142 (18096), p. 25. 
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ST. MAURICE BEDS 

The St. Maurice includes the beds above the Sparta sand and 
below the Yegua formation, and is the equivalent of the upper part 
of the St. Maurice formation as defined by Harris." 

The St. Maurice beds, like the Cane River and Sparta sand, 
outcrop in a narrow belt across Sabine, Natchitoches, and Winn 
parishes. The outcrop gradually increases in width from Winnfield 
northward to Ruston on the Vicksburg, Shreveport & Pacific 
Railroad. The area north of the railroad, to the vicinity of the 
Arkansas line and eastward to the Ouachita River valley, is chiefly 
St. Maurice, although many remnants of the Yegua formation are 
present. This portion of northern Louisiana has not been map- 
ped in enough detail to show the distribution of the St. Maurice and 
the Yegua formations. 

The St. Maurice is made up of alternating beds of sands and 
clays. The sands predominate; they commonly range in color from 
light gray to red, but in some places are brown, owing to the car- 
bonaceous matter they contain. In structure they are massive, 
cross-bedded, and laminated. They contain considerably more 
ferruginous sandstone than is present in the underlying Sparta 
sands. The clays are gray, green, red, and brown in color, depend- 
ing upon the iron, glauconite, or carbonaceous content of the indi- 
vidual beds. The glauconitic beds are usually massive, but the sand- 
ier clays and the lignitic clays are often laminated. The basal and 
the upper beds are fossiliferous, and at least one other fossiliferous 
horizon occurs between the two horizons mentioned. The more 
perfect fossil shells and corals are found in the glauconitic clays and 
sands, but an abundance of fossil casts occur in the ferruginous con- 
cretions and in the thin ferruginous sandstone beds. The thickness 
of the St. Maurice beds ranges from 100 to 150 feet. 


YEGUA FORMATION 
The upper Claiborne is represented in this region by the Yegua 
formation, which, in the early Louisiana literature, was designated 
as Upper Lignitic and Upper Claiborne. Vaughan,’ in 1896, 


1G. D. Harris, “The St. Maurice and Claiborne Stages,” American Paleontology, 


Vol. 6 (1919), No. 31. 
2 T. W. Vaughan, “‘A Brief Contribution of the Geology and Paleontology of North- 


western Louisiana,” U. S. Geol. Survey Bull. 142 (1896), pp. 21-22. 
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applied the name ‘‘Cocksfield Ferry beds,” and Veatch," in 1905, 
used the name ‘“Cockfield formation.” The equivalent beds in 
Texas were named the Yegua formation by Dumble’ in 1892. As 
the latter name had priority it was adopted by the U. S. Geological 
Survey Committee as the geologic name. 

The Yegua formation outcrops in a narrow belt across southern 
Sabine Parish. Beginning in the southeast corner of Winn Parish, 
the outcrop gradually increases in width to the east and north. In 
the vicinity of Winnfield the strike changes to north, and these beds 
are exposed in a wide belt as far as the Vicksburg, Shreveport & 
Pacific Railroad. Their eastern extension is limited by the Ouachita 
River valley. 

The Yegua formation is predominantly sandy; massive, light- 
colored sands alternate with laminated and thin-bedded sandy 
clays and lignitic clay. The beds are generally light colored, but 
often red and brown. The maximum thickness of the Cockfield does 
not exceed 500 feet. Fossil leaves are present in the lignitic clays in 
many places, but marine fossils are not found in this formation. 


VACHERIE SALT DOME 
LOCATION AND HISTORY 


Vacherie salt dome is located about 4 miles east of the town of 
Heflin. The center of the uplift lies on both sides of Webster-Bien- 
ville Parish line, in Secs. 16 and 21, T. 17 N., R. 8 W. It is 10 miles 
southeast of Bistineau, and 16 miles southwest of Arcadia salt dome. 

Discovery of this dome was made as the result of field work by 
S. C. Stathers, chief geologist of the Standard Oil Company of 
Louisiana, who mapped this area in 1921. The writer is indebted to 
Mr. Stathers and his department for most of the data concerning the 
wells drilled on this dome. Vacherie was proved to be a salt dome in 
August, 1922, when the Standard Oil Company of Louisiana, drilling 
in Sec. 16, T. 17 N., R. 8 W., Webster Parish, struck rock salt at 
799 feet. The second well was drilled just across the line in Section 
21, Bienville Parish, where the salt was found at a depth of 777 feet. 


t A. C, Veatch, “A Report on the Underground Waters of Louisiana,” Geol. Survey 
of Louisiana, Report of 1905, Bull. No. t (1905), pp. 31-32. 
2K. T. Dumble, “Report on Brown Coal,” Geol. Surv. of Texas (1892), pp. 148-54. 
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Two more wells were drilled, one on the north and the other on the 
south flank of the dome. They were abandoned in the Lower Cre- 
taceous and did not reach the salt mass. 


TOPOGRAPHY 

Vacherie dome (Fig. 8) is in an area of rugged hill lands, char- 
acteristic of the outcrops of the Sparta sand, in the northern part of 
the salt-dome region. The center of the dome is represented by a 
basin across which Vacherie Creek flows eastward in a broad, flat 
valley, and from which it passes through a narrow steep-sided valley 


TABLE II 


WELLS DRILLED ON VACHERIE SALT DOME 











: Total Cap Salt 
Location Year Depth Rock (Fe t) 
(Feet) | (Feet) | “&e 


Num- 


Company Farm bee 














Standard Oil Co. .| Jordan I 16,17 N., 8 W. | 1922 897 | 709 | 799 
Standard Oil Co. .| Stephens I 21,17 N.,8 W. | 1923 788 | 658 | 777 
Standard Oil Co. .| Scott I Dia NG OWEN ezO23 2s 55on NO No 
Standard Oil Co. .| Woodard 

and 

Walker] 1 16,17 N., 8 W. | 1924 | 1,872 | No No 








in the high encircling hills. The sides of this basin slope gently up- 
ward to the base of the high encircling hills, which rise 150 feet above 
the valley of Vacherie Creek. The center of the low area is underlain 
by Midway and Arkadelphia clays; the surrounding parts, by Wilcox 
sands and clays. Radial streams rising on the flanks of the high hills 
flow into Vacherie Creek from all directions. Fresh-water springs 
are numerous around the base of the hills, and a spring of sulphur 
water is present in the SW. % of Sec. 15, T. 17 N., R. 8 W. This 
spring, according to people living in the vicinity, has increased sever- 
al times in volume during the past fifteen years. 


SURFACE GEOLOGY 
The Sparta sand outcrops in the high encircling hills. The Cane 
River beds are generally concealed by the inwash of sand from the 
overlying Sparta beds, but a good outcrop occurs in the side of the 
road near the SE. cor. of SW. + of SW. 4, Sec. 9, T. 17 N., R. 8 W. 
It consists of fossiliferous, glauconitic, green clay. The dips are 18 
degrees NE. Another outcrop of Cane River beds is near the NW. 
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cor. of SE. 4, Sec. 15, T. 17 N., R. 8 W. This bed is less calcareous 
than the first described, but consists of typical glauconitic clay. The 
Wilcox formation is exposed in several places, but where the Cane 
River beds are concealed, it is not easily distinguished from the 
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Fic. 8.—Topographic map of Vacherie salt dome showing characteristic central 
basin. 


Sparta sand. It outcrops along the road in the NW. 4, Sec. 16, T. 
17 N., R. 8 W., but is best exposed in the ditches along the road 
which parallels the W. line of Sec. 22, T. 17 N., R. 8 W. It is made 
up of massive, grayish-blue clays which are highly fractured. Fer- 
ruginous clay and ironstone concretions are abundant in these beds, 
and sometimes contain leaf impressions. Bedding planes are poorly 
developed and the dip is not determinable, but appears to be high. 
The Midway and Arkadelphia formations outcrop in extensive 
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areas in the center of the dome. They are in most places covered 
with a veneer of sand and gravel. Because of their lithologic simi- 
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Fic. 9.—Well sections on Vacherie salt dome 


larity and the faulting of these beds, their relative extent cannot be 
determined. The most important outcrops are shown in Figure 8. 
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UNDERGROUND GEOLOGY 

Four wells were drilled on this dome by the Standard Oil Com- 
pany of Louisiana. Reece Jordan No. 1, in Section 16, the first well 
drilled, started in the Arkadelphia formation and reached rock salt at 
a depth of 799 feet. L. Stephens No. 1, located in Section 21, started 
in the Wilcox formation and found rock salt at 777 feet. L. Scott 
No. 1, in Section 21, and Woodard & Walker No. 1, in Section 16, 
were abandoned in the Washita group of the Lower Cretaceous at 
depths of 2,558 feet and 1,872 feet, respectively. These wells were 
drilled under the supervision of Mr. Stathers, and no efforts were 
spared in securing complete records of the formations encountered. 
F. X. Bostick, the company’s paleontologist, correlated the forma- 
tions in these wells as follows (see Fig. 9): 


GEOLOGIC SECTION OF REESE JORDAN NO. 1, SECTION 16 


Upper Cretaceous: Feet 
Arkadelphiastorinatio nei erasn rites 0-188 
INacatochsformation esse tears 188-301 
@halkeand) marl ee eseree ere ene 301-4905 
Bing enveroup ae tise eae terete seats 495-575 

Lower Cretaceous: 

Wrashita: Croup teres murray tater ae eaters 575-709 

Capir0ck en eanty. aceentrc to tnerre tea eee eae 709-799 

ROCK Salty rcs eee a NOR eee 799-897 


GEOLOGIC SECTION OF L. STEPHENS NO. 1, SECTION a1 
Tertiary: Feet 


Wilcox formation 
Wiceraratorna tion \ aVaioa s aefotnerorend hema hse 0-658 
GapmrockPeriseae asus tec ieteniate ee ees 658-777 
Rockésal ts1.7, cosa career ceinc: ere einen 777-888 
GEOLOGIC SECTION OF L. SCOTT NO. 1, SECTION 21 
Tertiary: Feet 
Walcoxiiorma tlomtaes te ga aon eae 0-556 
Midway formation 
Upper Cretaceous: | aconasaueus vite: ee awry ate 550- 953 
Arkadelphia formation 
IN@ecatochstorina tonne teeter 053-1 ,052 
Chalk ‘and marl. 39a. antes eto eae I,052-1,748 
Bingen group ss... ween a tae eee 1, 748-2, 251 


Lower Cretaceous: 
‘Washita sroup .... 4.0 Nene eee ree ee ee 2,251-2,558 
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GEOLOGIC SECTION OF WOODARD & WALKER NO. 1, 


SECTION 16 
Tertiary: Feet 
Midway formation 
Upper Cretaccouss fa acl socee Saco ses O= 550 
Arkadelphia formation 
Nacatoch formation......... ae cides ae 550- 675 
hallciam damian err eve oie cn See, 675- 918 
SAG CREA TOUT are Meet iis acon neo ao ere ne g18-1, 543 
Lower Cretaceous: om 
Washitassroupy etre tices eee 1, 543-1, 872 
CAP ROCK 


The cap overlying the salt core is go—120 feet thick in the wells 
drilled on the dome. It is white and light gray anhydrite with irregu- 
lar dark gray and blue banding, quite similar in appearance to the 
calcite cap rock on the Winnfield and other salt domes. 


LOWER CRETACEOUS 


Washita group.—The oldest beds penetrated on this dome belong 
in the Washita group of the Lower Cretaceous. The most interest- 
ing, and perhaps the most significant, occurrence is found from 575 
to 709 feet in the Jordan No. 1 well. It is a fossiliferous conglomer- 
ate made up of well-rounded red-, blue-, green-, and gray-colored 
limestone pebbles and smoky quartz and chert pebbles. The matrix 
is a fine-grained, angular quartz sand and green-colored argillaceous 
material. The mass is firmly cemented with calcite. The only 
recognizable fossil in this bed is Ostrea navia Hall, which is abundant 
in the Kiamitia clays, basal Washita of the Texas Lower Cretaceous 
section. This conglomerate is similar to that found in the same posi- 
tion relative to the cap rock on Arcadia salt dome. 

The Washita beds found in Scott No. 1 well and Woodard & 
Walker No. 1 well are made up of shale, gumbo, sand, and limestone 
which, so far as can be determined from the inclosed fossils, probably 
are not older than the Weno clay, basal Upper Washita of the 
Texas section. The section penetrated in Scott No. 1 well is as 
follows: 
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DETAILED SECTION OF WASHITA BEDS IN SCOTT 


NO. 1, SECTION 21 
Depth Thickness 


(Feet) (Feet) 
Lower Cretaceous (Washita group): 

Guin bomnnee era eee, ee AI 2,292 
Slraleves cyte cia ice en eens 3 2,205 
Sand yslinves syecee ncetet cee eae 5 2,300 
GUM DOR eae ree erates Send: 18 2,318 
Shalemyaer may acre tose terete es 13 DOaire 
Gumbo Se eee ee yee erate eee 9 2,340 
Shale mie e-eserescyorteys escket ricer seas 20 2,300 
Sand andi limestones....-.s0e ase 2 2,362 
Brokenvimestones senescent 14 2,376 
Broken lime and gumbo.......... 27 2,403 
Limestone and pyrite............ 29 2,432 
Rackedisandseac were ame ere 26 2,458 
Sandstonemmmerucctans a. caine 14 Dn GD. 
Moughvoumbowee ny heer ee eee 19 2,401 
Broken stockists an eens 2 2,493 
Sandstone ear ame 10 2,503 
GUIMDOM eto cn ee cee en neaee 39 2,542 
Gimestonemenca ieee rete ee eenee eae 16 2,558 


The Washita conglomerate present on Vacherie and Arcadia 
domes has not been recognized in the many deep wells which have 
penetrated this formation elsewhere in northern Louisiana. 


UPPER CRETACEOUS FORMATIONS 

The Upper Cretaceous section found in the wells drilled on this 
dome does not differ greatly in character from the normal section of 
the region. The wide difference in thickness of the beds is due chiefly 
to faulting, though stretching of the beds during folding may have 
affected the shale members in some slight degree. 


STRUCTURE 

The structure of Vacherie dome is typical of salt-dome structure 
of this region. The central salt core, slightly elongated northwest 
and southeast, is about 2,500 feet in diameter at a depth of 800 feet 
below the surface. The inclination of the salt surface is not known. 
The salt is surmounted by a cap of anhydrite go to 120 feet thick. 
The sedimentary beds involved in the uplift are arched and pierced 
by the intrusion of the salt. The total vertical relief of this dome is 
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about 1,600 feet, and the area affected by the uplift is about 4 square 
miles. The structure of Vacherie dome is complicated by faulting, 
more than any other dome in this region of which we have equally 
complete records. A cross-section of Vacherie dome is shown in 
Figure ro, constructed from well records and surface outcrops. The 
well sections, areal distribution of the beds at the surface, and the 
dips of these beds harmonize, so far as the incomplete data show. 
The faulting is mainly peripheral, and probably represents segments 
of the arch, formed by the intrusion of the salt core, which failed 
under the continued pressure applied from beneath. 


SCOTT Nol 
vee STEPHENS Nol JORDAN Nol WOODARD & WALKER Nol. 


j 
100 SEA LEVEL | we Rey 
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600 MIDWAY MIDWAY Yee eS Secs 

res AND f es z “cap*Rat7*. * + Se 
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Fic. 10.—Cross-section of Vacherie salt dome showing faulting of sedimentary 
beds around the salt core. 


PROTHRO SALT DOME 
LOCATION AND HISTORY 


Prothro salt dome is located 4 miles northwest of the town of 
Saline, in southern Bienville Parish. The center of the uplift is in 
Secs. 8 and 17, T. 14 N., R. 6 W. It is 8 miles southeast of King’s 
and 5 miles southwest of Rayburn’s salt domes. 

This dome remained unknown until recently. In July, 1922, 
J. P. D. Hull, in company with J. L. Dormon, lawyer of Shreveport, 
Louisiana, visited this locality. Mr. Dormon was once a resident of 
Saline, where he had become familiar with the locality, and recog- 
nized the unusual character of the rock exposed. Mr. Hull mapped 
the essential geologic features of this dome, and the writer is in- 
debted to him for much of the information here presented. In Febru- 
ary, 1924, Mr. Hull accompanied Sidney Powers and the writer to 
this locality, and the name Prothro, from Prothro Mill Creek, 
located on the dome, was agreed upon. The dome has not yet been 
tested by drilling. 
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TOPOGRAPHY . 

Prothro dome (Fig. rr) consists of a central low, somewhat 
marshy, area one mile long and half a mile wide. The central area 
is encircled by an inner rim of low hills and an outer rim of higher 
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Fic. 11.—Topographic map of Prothro salt dome showing characteristic central 
basin and encircling rims of hills. 


hills on the north, west, and south sides. The central low area has 
an altitude of 190-200 feet above sea-level, and the inner rim of hills 
is 40-50 feet higher. The outer rim of hills merges with the rugged 
hill lands of this area. Their elevation is from 310 to 350 feet, giving 
a total relief of 150 feet. 
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The central low area represents the highest part of the uplift, 
or that part of it underlain by the salt mass. Truncation of the 
dome by erosion and removal of salt by solution accounts for this 
marked basin. The Cretaceous and older Tertiary beds, including 
the Wilcox formation, are exposed in the low inner rim of hills. 
The high outer rim of hills is composed of Sparta sand, with Cane 
River beds at its base. 

The salt-dome area is drained by Prothro and Sprawls creeks. 
Prothro Creek rises on the north side and enters the central basin 
on the northwest side. Sprawls Creek rises on the southwest side of 
the dome, flows eastward to enter the low area on the south side. 
Prothro and Sprawls creeks join near the east side of the dome to 
form Harris Creek, which empties into Saline Bayou about 2 miles 
farther east. Radial streams, fed by surface waters and springs, 
empty into the central basin from all directions. 


SURFACE GEOLOGY 


The geology of Prothro dome is of more than usual interest be- 
cause of the fine section of Tertiary beds exposed there, which is not 
equaled in any locality in northern Louisiana. The Sparta sand, the 
normal formation at the surface in the locality, is exposed in the 
high hills encircling the dome. Cane River beds outcrop at the base 
of the high hills. The Wilcox formation and probably a part of 
the Midway formation crop out in the low inner rim of hills. Upper 
Cretaceous rocks more than 300 feet in thickness, including the 
Blossom sand at the base, crop out on the west side of the dome. 


UPPER CRETACEOUS FORMATIONS 


Beds of Upper Cretaceous age consisting of chalk, marl, and cal- 
careous sandstone crop out in a small area in Secs. 7 and 18, T. 14N., 
R. 6 W., where the following section was determined: 


DETAILED SECTION OF UPPER CRETACEOUS ROCKS 
EXPOSED IN SECS. 7 AND 18, T. 14 N., R. 6 W. 
Feet 
Upper Cretaceous: 
1. Fine-grained fossiliferous white chalk, thin bedded 
and fractured. Thin bed of sandy limestone at the 
pasewmhopyconcedledwanmes aya -anvusrae selec chaeie nie ore 160 
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Feet 
2. Somewhat chalky greenish-gray, fossiliferous clay. 


iWieathersra neddisn-DrOwil ein settee tet 50 
3. Fossiliferous, greenish-gray calcareous sandstone. 
Upper few feet contain many small pebbles...... 110 


The sandstone at the base of this section is correlated with the upper 
part of the Bingen group, locally known as the Blossom sand. It 
is a greenish-gray calcareous sandstone, made up of rounded quartz 
grains and novaculite, angular feldspar, and grains of igneous rocks, 
which, according to Ross, who examined several samples of this 
rock, represents a horizon of volcanic tuffs that have been mixed 
with detrital material. The upper few feet of this bed are decidedly 
coarse, containing many pebbles, $ to ¢ inch in diameter. The 
strike is N. 20 W., and the dip go degrees. 

The following fossils from the bed have been identified by L. W. 
Stephenson: Cassidulus sp., Cucullaea sp., Inoceramus sp., Ostrea 
plumosa Morton, Trigonia sp., Serpula(?), Pugnellus sp., Placenti- 
ceras sp., Cardium sp., Crassitellites(?), young individual. mem- 
branipora and Herteropora have been identified by R. S. Bassler. 
The sandstone bed is overlain by about 50 feet of yellowish-green 
marly clay, containing some argillaceous chalk. It is followed by 160 
feet of fine greenish-white chalk, highly fractured and containing 
many small marcasite concretions. Calcite crystals, considerable 
vein calcite, and barite are associated with the chalk. The basal 
3 or 4 feet of the chalk are sandy. The beds strike N. 20 W., and 
dip 80-85 degrees SW. 

The following fossils collected from these beds were identified by 
L. W. Stephenson: Inoceromus sp., Gryphaea vesicularis Lamarck, 
Anomia argentaria Morton, Cardium (Criocardium) sp., Ostrea cf. O. 
congesta Conrad, Exogyra cancellata Stephenson, Pholadomya(?), 
Exogyra costata. 

The chalk in the section is definitely Marlbrook in age, accord- 
ing to Stephenson,? and is about the horizon of the Saratoga chalk. 
The underlying clays appear to be older, and are perhaps the equiva- 
lent of a portion of the Brownstown formation. 


* Clarence S. Ross, personal communication. 


2 L. W. Stephenson, personal communication. 
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TERTIARY FORMATION 


The lower roo feet of the beds above the Cretaceous have been 
tentatively assigned to the Midway formation. These beds are fol- 
lowed by about 1,000 feet of the Wilcox formation, which, in turn, 
is overlain by Cane River beds and Sparta sand of the Lower Clai- 
borne group. 

MIDWAY FORMATION 

ne 100 feet of bluish-gray clay exposed along the highway in 
the NE. { of Sec. 18, T»14 N., R. 6 W., are tentatively correlated 
with the iia; formation. The omer 50 feet are dark bluish- 
gray clay, containing a small amount of find sand. The succeeding 
25 feet of beds consist of waxy yellowish clay, characterized by 
conchoidal fracture. The upper 25 feet are bluish-gray clay, with 
irregularly distributed patches of fine sand sparsely scattered 
through it. The beds strike N. 40 W., and dip 50 degrees NE. 


WILCOX FORMATION 


Isolated small outcrops of Wilcox beds are found in many places 
on the north and west sides of the dome, but the best and most com- 
plete section of these beds is along the highways in Sec. 18, T. 14 N., 
R. 6 W., where the following section is shown: 


DETAILED SECTION OF WILCOX BEDS IN SEC. 18, 


T. 14.N,, R. 6 W. 
Thickness 
(Feet) 


Wilcox formation: 
1. Bluish-green sandy clay with partings of ferrug- 
HOUSMSATICN Ne atayasrsentagtts ciao tyes orucens aie eionctenetere ns 200 
2. Massive, cross-bedded, red sand with ferruginous 
concretions, thin lenses, and balls of light-colored 


PERLE Eke dt Shee et ca eg aN OR PR EE ore 150 
3. Vellow sandy clay with small fragments of limonite 
and thin partings of ferruginous sandstone....... 450 


4. Yellow and gray clay, thinly laminated, with 
rounded sand concretions 1 to 2 inches in diameter 25 

5. Gray, slightly sandy clay, laminated, leaf impres- 
[S509 OTS V, ct eas Pe ti Ae On eto panini Ck ce NAO UTE Cc eo ns 

6. Light-colored and mottled aandy clay; limonite and 
siderite concretions abundant in the lower 50 feet.. 100 
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The basal bed is light-colored, massive sandy clay in part mot- 
tled red and white. Limonite and siderite concretions are scattered 
through the mass, but are most abundant toward the base. The 
concretions range in size from a few inches to more than 2 feet in 
diameter. This bed is about roo feet thick; it strikes N. 36 W., and 
dips 45 degrees SW. 

The succeeding 75 feet of beds are gray, laminated, slightly sandy 
clay. The laminae range from { to 1 inch thick in the upper part 
and from 1 to 3 inches thick in the lower part, of the beds. Leaf 
impressions and rounded sand concretions 3 to 1 inch in diameter 
are scattered through these beds. The strike is N. 35 W., and the 
dip is 45 degrees SW. 

The next 25 feet consist of thinly laminated yellow and gray 
clay. Round, sand-filled ferruginous concretions, 1-2 inches in 
diameter, occur in the beds. 

The succeeding 450 feet are made up of yellow and gray sandy 
clays and clayey sand. Small fragments of limonite and many thin 
partings of ferruginous sandstone are present in these beds. The 
strike is N. 35 W., and the dip is 40 degrees SW. 

The last-described bed is overlain by’ about 150 feet of massive 
cross-bedded red- and orange-colored sand, with many irregular 
thin lenses of grayish-green and white clay flakes. Clay balls and 
irregular-shaped ferruginous concretions are scattered through the 
sands. The dip and strike are not determined. 

The uppermost beds of the Wilcox formations consist of bluish- 
green sandy clay, interbedded with thin beds of ferruginous brown 
sand and sandstone. These beds are about 200 feet thick. The strike 
is N. 30 W., and the dip is from 6 to 16 degree SW. 


CLAIBORNE GROUP 


Cane River beds.—Cane River beds crop out on the north, west, 
and south sides, as shown in Figure 12, but they are perhaps best 
exposed along the highway on the south side of the dome, in the 
SE. cor. of Sec. 18, T. 14 N., R. 6 W., where they consist of 50-75 
feet of massive glauconitic clay. 

At the base this glauconitic clay weathers with a mottled effect 
of red and green. It is slightly sandy and contains many fragments 
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of dark red chert thinly coated with chalcedony. The dip is unde- 
termined, but the underlying Wilcox beds dip about 5 degrees SE. 

It is followed by fossiliferous grayish-green marl. Near the base 
is a layer of gray concretionary limestone, which weathers to pale 
yellow on the outside. A layer of red-brown siderite, 1 to 2 feet 
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Fic. 12,—Topographic map of Bistineau salt dome 


thick, occurs at the top of this member. Above the siderite layer 
are a few feet of pale greenish, massive, sticky clay, with irregular 
dark red-brown streaks through it. It weathers to pale yellowish- 
brown. 

Because of the massive structure of these beds it is not possible 
to determine the dips accurately. The basal Cane River beds overlie 
Wilcox sands, dipping 5 degrees, and the dip apparently decreases 
rapidly southward. 
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Sparta sand.—The Sparta crops out in the high hills encircling 
the dome. It consists of massive red sands, with a few irregular 
lenses of light-colored clay. More than too feet of these beds are 
exposed around this dome. 

STRUCTURE 


The quaquaversal structure of Prothro dome is indicated in the 
dips of the rock outcropping on the north, west, and south sides. 
Although dips are lacking on the east side, there can be no reasonable 
doubt of their existence beneath the mantling of residual sand. The 
dome is deeply truncated by erosion. The central low area is per- 
haps in part due to the removal of salt by solution and a consequent 
lowering of the beds overlying it. The dip away from the central 
basin is steepest in the older rocks; the Blossom sand, the oldest 
formation exposed, stands vertical. The overlying chalk shows dips 
of 80 to 85 degrees. The Wilcox beds range from 50 degrees in the 
basal part to 5 degrees or less in the uppermost beds exposed. The 
strike of the different outcrops indicates a decided north-south 
elongation of this dome. 

The vertical uplift determined on the Blossom sand outcrop is 
2,800 feet, and the area affected by the uplift is slightly more than 
3 miles in the direction of the longest dimensions of the dome. 


BISTINEAU SALT DOME 
LOCATION AND HISTORY 


Bistineau salt dome is located in southern Webster Parish, about 
4 miles south of the town of Doyline, on the Vicksburg, Shreveport & 
Pacific Railroad. The center of the uplift is in Sec. 35, T. 18 N., 
R. 10 W. It is 10 miles northwest of Vacherie salt dome and 12 miles 
southeast of the Bellevue oil field. 

Evidences of Indian occupation are found on the south side of 
Potters Pond, which owes its name to the accumulations of pot 
débris about it. The Hodges brothers made some salt in 1850, 
but, except for a brief period in 1855 when drouth prevented boats 
from navigating the lake, it was not until the time of the Civil War 
that it was made in any considerable quantities. It is estimated 
that in the years 1862, 1863, and 1864 there were 1,000 to 1,500 
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people engaged in the making of salt at this locality. With the close 
of the war operation on a large scale ceased. 

Bistineau salt dome was first described by Veatch" in his com- 
prehensive report in 1902. 

The salt wells drilled were shallow and, with one or two excep- 
tions, did not exceed 20-25 feet in depth. The first well drilled for 
the purpose of testing the oil and gas possibilities of this dome was 
the Gulf Refining Company—Bistineau No. 1—in Sec. 2, T. 17 N., 
R. 10 W. Two more wells were drilled on the north flank of the dome, 
one of which reached rock salt. 


TABLE III 


WELLS DRILLED ON BISTINEAU SALT DoME 











Total 

















, Num- ; Salt 
Company Farm Wee Location cies Year (Fee t) 
Gulf Refining Co.....| Bistineau I TG Why GO \Wo, |) Do Gee 1910 | No 
Gulf Refining Co.....| Bistineau A || 2ye- ayerINI sey Wha || 2 grols 1913 | 1,500 
American National Oil 
CORp era eer Crichton I 26, 18 N., 10 W. | 3,245 | 1920 | No 
TOPOGRAPHY 


Bistineau salt dome (Fig. 12) lies beneath the bottom of the old 
raft lake? from which it derives its name. Since the removal of the 
raft, the levels of the lake have been lowered, and it is now repre- 
sented in this area by Bayou Dorcheat. 

The dome has a roughly circular central saline about one mile in 
diameter. On the east, where it merges into the bottom land along 
the bayou, it is distinguished by the barren, salt incrusted soil and 
the stunted growth of vegetation. The saline is in part barren and 
in part covered with a stunted growth of hawthorn, thick brush, and, 
here and there, a few cypress trees. Around the periphery of the 
saline is an almost continuous line of barren salt licks on which were 
located most of the old brine wells. Around the outer margin of 


t A.C. Veatch, “The Salines of North Louisiana,” Geol. Survey of Louisiana, Report 
of 1902, Special Paper No. 2 (1902), pp. 81-89. 

2 For description of the “raft lakes” of this period, see “Underground Water Sup- 
plies of Northern Louisiana and Southern Arkansas,” U. S. Geol. Survey Prof. Paper 46, 
by A. C. Veatch. 
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the central saline are several low, wooded mounds that appear as 
islands when the saline and bottom lands are inundated. Many of 
these mounds were named by the early salt-makers. 

A gentle slope of 40 feet, in a distance of about half a mile, sepa- 
rates the saline from the gravel-covered terrace surrounding the 
dome on all but the east side, where it merges with the wide bottom 
of Bayou Dorcheat. 

The salt-dome region is drained by Bayou Dorcheat, flowing in a 
general southward direction along the east side of the dome. Radial 
streams, of which Hodges Branch, on the northwest side, is the 
largest, empty into the saline. The radial streams combine to form 
a circular drainage system that follows the outer margins of the 
saline. This drainage system is well defined during the periods in 
which the waters of Bayou Dorcheat are confined to its channels. 

The central saline represents the highest part of the uplift and 
closely outlines the area wherein the salt core lies at a moderate 


depth below the surface. 
SURFACE GEOLOGY 


Bistineau salt dome lies in the area of an extensive terrace de- 
posit, probably of Pliocene age. Cane River beds, the normal sur- 
face formation, appear in a small outcrop on the north side of the 
dome, and the Marlbrook formation crops out in Tadpole Lake. 
The terrace deposits of sand and gravel have concealed all other 
beds on and around the dome. 

The Marlbrook is represented by a bed of yellow clay, or soft 
limestone, poorly exposed in the shallow waters of Tadpole Lake, 
in the SE. cor., Sec. 26, T. 18 N., R. ro W. The strike and dip of this 
bed are not determinable. The formation contains a number of 
Upper Cretaceous fossils, of which the following have been identified: 
Gryphaea vesicularis, Exogyra costata, Lima sp., Pecten quinque- 
narius, Pecten simplicus, Cucullaea sp. 

That Cane River beds underlie the gravel-covered terrace ma- 
terial on the outer edges of the dome is proved by fossils found in 
shallow-water wells, but they are known at the surface only in one 
locality, in the SW. { of Sec. 25, T. 18 N., R. 10 W. They consist 
of glauconitic sand and clay, with limonite concretions containing a 
typical Cane River fauna. These beds dip to the north, but neither 
the strike nor the angle of inclination could be determined. 
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UNDERGROUND GEOLOGY 

Little information is available concerning the underground geol- 
ogy of Bistineau salt dome, as no well has been drilled on top of the 
dome in recent years, and only one well on the flanks. According 
to Veatch,’ a well drilled near the mouth of Hodges Branch during 
the Civil War was reported to have struck rock, at 125 feet, which 
could not be penetrated. Fragments of rock similar to the cap rock 
at Rayburn’s and other domes are found in this locality, and the 
presumption is that the rock, at a depth of 125 feet, represents the 
cap rock. The Gulf Refining Company’s Bistineau No. 2 well, in 
Sec. 35, T. 18 N., R. 10 W., located on the north flank of the salt 
core, but only a short distance from the maximum elevation of the 
core, had the following section: 


SECTION OF GULF REFINING COMPANY’S 
BISTINEAU NO. 2 
Thickness Depth 


(Feet) (Feet) 
SuLface;sands shen. le water ater 16 16 
Midway and Arkadelphia formations. 444 460 
INZcatOchyionnia hone ne reer secre 88 548 
Marlbrook formation 
(ATimonarcha kas min loam eel 550 1,098 
Brownstown formation 
IiANIAOUI NY code saagas aa ob ona moe 210 I, 309 
BingenrorsWashitan. wer me eae 78 1,387 
CapMockei ase riety. unica Sess chem: 105 1,492 
Hard shale(?), probably rock salt.... 370 1,862 
ROckssaltz wae a momar Rieter tet nce 443 2,305 


The Crichton No. 1 well in Sec. 26, T. 18 N., R. 10 W., 2,300 
feet northwest of the Bistineau No. 2 well, found the top of the Na- 
catoch formation about 1,000 feet lower, indicating a dip to the 


north of about 25 degrees. 
STRUCTURE 


The salt licks distributed along the outer margin of the central 
saline area will give an approximate measure of the areal extent of 
the top of the salt core and overlying cap rock. The inclination of the 
sides of the salt core is not known. The sedimentary strata around 
the salt core are sharply flexed and pierced. The amount of uplift 


tA. C. Veatch, “The Salines of North Louisiana,” Geol. Survey of Louisiana, Report 
of 1902, Special Paper No. 2 (1902), p. 87. 
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measured on the outcrop of the Marlbrook formation is not less 
than 2,000 feet. The area affected by the uplift does not exceed 
3 miles in diameter. 

KING’S SALT DOME 

LOCATION AND HISTORY 


King’s salt dome is located in the southwestern part of Bienville 
Parish, about 8 miles northwest of Prothro salt dome and 14 miles 
south of Vacherie salt dome. The center of the uplift is in Sec. 25, 
T. 15 N., R.8 W. The Louisiana & Arkansas Railway traverses the 
dome from north to south, and the town of Castor is situated on the 
north flank of the uplift. 

Evidences of Indian occupation are present in arrowhead, stone 
implements, and pottery débris. Salt-making for local consumption 
by the white settlers was begun by a Mr. King in the early forties of 
the last century. According to Hilgard,’ King dug a shallow well 
and, striking rock, drilled it to a depth of 136 feet. During the Civil 
War the production of salt was greatly increased at this locality, 
but no information is available regarding the daily production for 
this period. With the close of the war the production of salt on 
any considerable scale ceased. 

It is of historic interest that the Cretaceous of Louisiana was first 
recognized in this locality. Robertson,’ in 1867, reported fossiliferous 
Cretaceous limestone from King’s salt works, but Hilgard3 was first 
to bring forward proof of this occurrence by finding Exogyra costata 
in the dump heaps at Big Lick. 

King’s salt dome was described in detail by Veatch‘ in 1902. 

The old wells drilled for brine were shallow and, with the excep- 
tion of King’s well. previously mentioned, seldom exceeded a depth 
of 30 feet. 

1K. W. Hilgard, Supplementary and Final Report of a Geological Reconnaissance 
of Louisiana, New Orleans (1873), p. 29. 


2 J. B. Robertson, “Exploration and Memorial of the Honorable J. B. Robertson 
in Relation to the Agriculture, Mining, and Manufacturing Resources of the State; 
with a Report of the Joint Committee,’ Doc. Second Session, Second Legislaiure, 
Louisiana, Report No. 23, 1867. 

3 Op. cit. 

4A. C. Veatch, “The Salines of North Louisiana,” Geol. Survey of Louisiana, Report 
of 1902, Special Paper No. 2 (1902), pp. 76-80. 
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Five wells have been drilled on this dome, as listed in Table IV. 

These wells were all drilled on the north flank of the dome. Fee 
No. 1 reached rock salt at a depth of 161 feet, and Huckaby No. 2 
at 2,228 feet; the others were abandoned in the cap rock. 


TOPOGRAPHY 


The central basin of King’s salt dome (Fig. 1 a is not so clearly 
outlined in the topography as the corresponding feature of some of 
the other salt domes of this region. On the west side a gentle slope 


TABLE IV 


WELLS DRILLED on Kinc’s SALT Dome 


























iNFERaA 5 Total 
Company Farm bee Location een Year as 
ebhesPardee (Conse nian Fee re | Silce ely IN fees od. NV 404 | I914 | 161 
ithesPardee| Comes cc. Fee 2 AAO, sity IN Ios UAWS Glass acco 191s | No 
dibesbardée (Comes, Fee z 26, 15 N., 8 W. | 1,442 to1s | No 
Louisiana Oil Refining 
Corp ines te Huckaby I 2 eetigeN eno! Way u2)¢232 1921 No 
Louisiana Oil Refining 
Cotpayeccos dette Huckaby Dl Oye ats INGAAS || Bakfels |) cules | Annas) 











merges into an extensive terrace which stands 40-60 feet above the 
central saline area. On the south and east sides Sparta sand forms 
the hills which rise to an altitude of more than 300 feet above sea- 
level and 150 feet above the saline basin. The salt dome is drained 
by Bayou Castor, flowing in a general southwesterly direction 
through the central low area. Minor streams empty into it from all 


directions. 
SURFACE GEOLOGY 


King’s salt dome is near the line of contact of Cane River beds 
and Sparta sand. Sparta sand is well exposed in the hills flanking 
the dome on the east and southeast sides. Cane River beds crop out 
on the gentle slope between the central basin and the high hills. 
The Wilcox formation is represented in this area by two small out- 
crops, both on the south flank of the dome. The best Wilcox ex- 
posure is in the ditch on the west side of the highway, about 30 feet 
south of the bridge over Bayou Castor. It is a somewhat sandy, 
laminated, light-colored clay. This bed dips to the southeast at an 
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angle of about 55 degrees. The Wilcox outcrop on Bayou Castor, 
near the northeast corner of Sec. 3, T. 15 N., R. 8 W., consists of 
laminated brown lignitic sand with thin streaks of dark lignitic 
clay. 

An outcrop of limestone is reported in the bed of Bayou Castor, 
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Fic. 13.—Topographic map of King’s salt dome 


near the center of the SW. 3 Sec. 35, T. 15 N., R. 8 W. Hilgard re- 
ports an outcrop of soft, fossiliferous, aluminous limestone, similar 
to the “rotten limestone” Mississippi, in the bed of Bayou Castor, 
and probably refers to the same outcrop which has since become 
covered. 

Cretaceous beds penetrated in shallow brine wells sunk on the 
salt licks located on the outer margin of the central basin, together 
with the reported outcrop in Bayou Castor, indicate that Cretaceous 
beds of Marlbrook and younger age are present around the salt 
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core but are generally concealed by the inwash of sand from the 
surrounding high hills. 


UNDERGROUND GEOLOGY 


Fragments of gray fossiliferous limestone collected by Veatch 
from the wall of King’s old well contained the following species: 
Exogyra costata, Lima pelagica, Anomia, Gryphaea vesicularis var., 
Turritella triliva, Liopistha protexta(?). 

A water well dug at Neal’s store, just across the street from the 
railway station at Castor,showed the following section: 


WELL SECTION, NEAL’S STORE? 
Feet 


1. Yellow sandy clay mottled with white. Contains a 


LEWACUATUZADE DD LES arabes ratte rier torEs ae 17 
2. Very dark gray, sandy, laminated clay with Ostrea 
Wis Faas Bitte (OSTA Sa gonna ood boo beeGa oe osoubGoae 4 


The fossils obtained from these wells are of Upper Cretaceous 
age and probably should be referred to the Marlbrook formation. 

Pardee Fee No. 1 found cap rock from 161 to 192 feet, and rock 
salt from 192 to the bottom of the hole at 4o4 feet. Pardee No. 3 
was abandoned in the cap rock at a depth of 1,413 feet. As drill 
cuttings and cores are not available from these wells, only tentative 
correlations can be established. The Louisiana Oil Refining Cor- 
poration—Huckaby No. 1—started in the Midway formation and 
was abandoned in the cap rock at a depth of 2,232 feet. This well 
had a complete section, as shown in Figure 14. 

The cap rock, so far as can be determined from the wells drilled 
to date, is only about 50 feet thick. It is similar in appearance to 
the cap rock cropping out at Winnfield, but is anhydrite and gypsum 


instead ot calcite. 
STRUCTURE 


King’s salt dome (Fig. 14) consists of a central salt core one-half 
to three-quarters of a mile in diameter, surmounted by a cap rock 
50 or more feet in diameter. The Cretaceous rocks were sharply 
flexed and pierced by the intrusion of the salt core. The truncated 
edges of these sharply flexed beds, now generally covered by al- 
luvium, are present around the periphery of the salt core. The 


1 Data from A. C. Veatch. 
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Marlbrook, present at the surface on this dome, normally lies at a 
depth of 1,900 to 2,000 feet below the surface. The maximum verti- 
cal relief, therefore, is not less than 2,000 feet. 


RAYBURN’S SALT DOME 
LOCATION AND HISTORY 

Rayburn’s salt dome is located in the southeastern part of Bien- 
ville Parish. The center of the dome is in Sec. 35, T. 15 N., R. 5 W. 
It is 20 miles south of Arcadia dome and 5 miles northeast of Prothro 
dome. 

The earliest record of salt-making at this locality dates from the 
early forties, when a Mr. Faust, owner of the land, commenced 
operation on a small scale. This work continued until the Civil 
War, when the federal blockade of the southern ports became effec- 
tive and caused the salt to have a greatly enhanced value. In 1862 
salt-making on a large scale commenced. A rent of 373 cents per 
bushel was charged for the privilege of making salt and for the 
wood consumed. The receipts of the owner of the land at this rate 
are said to have amounted to $375 a day. This would give a daily 
production of about 1,000 bushels. Sampson Rayburn, who married 
a daughter of Faust, was placed in charge and collected the rent. 
It was in this way that the lick became known as Rayburn’s. 

At the close of the war the works were almost abandoned. Oc- 
casionally a small amount of salt was made for local consumption as 
late as 1877. 

This locality was described by Hilgard,' in 1873, and by Lerch,” 
in 1893, who reported the occurrence of Exogyra costata, thus adding 
to the proof of the existence of Cretaceous rocks in Louisiana. 
Rayburn’s was described by Harris and Veatch? in 1899, and an 
excellent topographic map of this locality is shown by Veatch’ in his 
comprehensive report of 1902 describing this locality in detail. 


tE. W. Hilgard, Supplementary and Final Report of a Geological Reconnaissance of 
Louisiana, New Orleans, 1873. 

2 Otto Lerch, “A Preliminary Report upon the Hills of Louisiana South of the 
Vicksburg, Shreveport & Pacific Railroad,” Bull. Louisiana Experiment Station, Geol. 
and Agri., Part II (1893), pp. 72-73. 

3 G. D. Harris, and A. C. Veatch, “‘A Preliminary Report on the Geology of Louisi- 
ana,” Geol. Survey of Louisiana, Report of 1899 (1900), pp. 52-55. 

4A. C. Veatch, ‘“The Salines of North Louisiana,” Geol. Survey of Louisiana, Report 
of 1902, Special Paper No. 2 (1902), pp. 71-75. 
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Fic. 14.—Well sections on King’s salt dome 
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The old brine wells were shallow, usually 20-25 feet in depth. 
An attempt to develop this dome was made in 1910 by J. L. Dormon 
and associates, who drilled two wells, both located near the center 
of the saline. Both wells were abandoned in the cap rock, one at a 
depth of 37 feet and the other at a depth of 85 feet. In September, 
1923, the Hodge-Hunt Lumber Company drilled their Fee No. 2, 
in Sec. 29, T. 15 N., R. 5 W., to a depth of 3,003 feet. In December, 
1923, the same company drilled Fee No. 3, located near the center 
of Sec. 31, T. 15 N., R. 5 W. This well had cap rock from 85 to 
115 feet and rock salt from 115 to 277 feet, at which depth it was 


abandoned. 
TOPOGRAPHY 


Rayburn’s is a typical example of a salt dome with a central 
saline encircled by hills. The dome (Fig. 15) consists of a central 
saline 2,000 feet in length and 1,500 feet in width at the widest 
place. It is a slightly swampy area with an altitude of 180 feet 
above sea-level. The southern end is somewhat lower and, during 
heavy rains, is flooded to a depth of two or three feet. Gently slop- 
ing hills, which at a distance of 4,000 to 5,000 feet away rise 60-100 
feet above the saline, encircle it. 

Radial streams fed by surface water and by springs empty into 
the saline from all directions. A part of this water flows over the 
surface to form Faust Creek at the south end of the saline, but a 
large part sinks into the sand and gravel overlying the cap rock, 
and finally finds its way into Faust Creek through underground 
channels. 

The saline represents the highest part of the uplift, and closely 
outlines the extent of the salt core. 


SURFACE GEOLOGY 

Rayburn’s salt dome is in the outcrop of the Sparta sand, but 
older rocks, including the Blossom sand of Cretaceous age, crop out 
at the surface on the edges of the central saline. 


CRETACEOUS FORMATIONS 


Blossom sand.—A small outcrop of Blossom sand appears in the 
old road near the SW. cor., SW. 4 of NE. of Sec. 30, T. 15 N., R. 5 
W. It is poorly exposed and deeply weathered, having the appear- 
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ance of ferruginous sand. When freshly broken it is a greenish-gray 
calcareous sandstone, identical with the Blossom outcrop on Prothro 
dome. The several fossils collected from this outcrop definitely 
establish the correlation. 
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Fic. 15.—Topographic map of Rayburn’s salt dome showing characteristic central 
saline encircled by hills. 


Chalk and marl.—The Marlbrook formation and_ probably 
somewhat older beds crop out in two localities lying, respectively, 
north and east of the central saline. The outcrop on the east side 
shows about 500 feet of beds, consisting of fine-grained white chalk 
at the top and grayish-green to yellow-colored calcareous clay marls 
at the base. A thin bed of fossiliferous, sandy limestone is present 
at the base of the chalk. The chalk is highly fractured, and the frac- 
tures are often filled with calcite. The beds strike N. 30 E., and dip 
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75 degrees SE. The outcrop on the north is similar to that just de- 
scribed, except that a relatively greater thickness of clays and a 
less thickness of chalk is exposed. The beds dip about 65 degrees 
NE. 

The calcite veins cutting the chalk strike N. 60 W. Fragments 
of celestite and barite are scattered over the surface around these 
outcrops, and a vein of barite, lying just above the chalk on the east 
side of the saline, has been traced about 150 feet, striking N. 10 E. 

Chalk is reported from shallow wells on the west side of the 
saline, but the writer has had no opportunity to confirm this report. 

The topography and the character of the residual soil indicate 
that the Cretaceous beds just described form a belt around the salt 
core. The Nacatoch and Arkadelphia formations have not been 
recognized on this dome, but are undoubtedly present under the 
residual sand from the encircling hills. 


TERTIARY FORMATIONS 

The older Tertiary, comprising the Midway and Wilcox forma- 
tions and the Cane River beds of the Lower Claiborne group, are 
not well exposed on this dome, owing to the mantle of sand washed 
in from the encircling hills. Beds of Midway age were not recog- 
nized. The Wilcox crops out in several places, but is best exposed 
around Lowe’s house and in the field east of the house in the SW. 
; Sec. 30, T. 15 N., R. 5 W. It consists of light-colored and red 
ferruginous sand and sandy clays. The glauconitic clays, which are 
poorly exposed in the NE. { Sec. 36, T. 15 N., R. 5 W., unquestion- 
ably belong in the Cane River beds, as do the fossiliferous, calcareous 
concretions found on the inner slope of the encircling hills in the 
SW. cor., Sec. 31, T. 15 N., R. 5 W. Sparta sand is well exposed in 
the hills and in the surrounding country. 


UNDERGROUND GEOLOGY 
The old brine wells sunk on Rayburn’s saline found cap rock after 
passing through a few feet of alluvium. The cap rock in the Hodge- 
Hunt Lumber Company—Fee No. 3 well—was 30 feet thick. The 
maximum thickness is probably somewhat greater. It consists 
chiefly of white- and gray-banded calcite rock, but gypsum and 
anhydrite are found in the walls of the old brine wells. Hodge-Hunt 
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Lumber Company—Fee No. 2 well, located 5,000 feet northeast of 
Fee No. 3—had a normal section. It was abandoned in the upper 
part of the Bingen at a depth of 3,003 feet. 


STRUCTURE 
An ideal section of Rayburn’s salt dome is shown in Figure 16. 
This section is generalized and does not take into consideration 
faulting, which usually accompanies the intrusion of the salt core. 
This dome is believed to represent the typical development of the 
interior salt domes of northern Louisiana. It shows the pluglike 





B. Wilcox Form. C. Midway and Arkadelphia formations 7 
. Nacatoch formations. £.Chalk series  F. Bingen group. 


Fic. 16.—Cross-section of Rayburn’s salt dome 
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form of the salt core, the piercing of the beds as the salt moved up- 
ward, the sharp flexing of the beds around the salt core, the deep 
truncation of the core, and the localization of the uplift. 


PRICE’S SALT DOME 
LOCATION AND HISTORY : 

Price’s salt dome is located in northwestern Winn Parish, 6 
miles northeast of Drake’s and 12 miles south of Rayburn’s salt 
domes. The center of the uplift is in Sec. 30, T. 13 N., R. 5 W. This 
dome is most easily reached by road from the station of Calvin on 
the Louisiana & Arkansas Railroad. 

The first recognition of the locality is found on Tanner’st map of 
Louisiana, where it is marked “Salt Lick.” The exact date of the 
first attempt to make salt here is not known. John Walker moved 
to this part of the country in 1859 and found old wells on the licks. 
Price’s salt dome shared with other salt domes a period of intense 
activity during the Civil War, but records to show the daily produc- 


«N.S. Tanner, Map of Louisiana, Philadelphia, 1820. 
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tion for this period are not available. The last attempt to make salt 
on any considerable scale was made by a man named Bynum, in 
1869. 

Price’s salt dome was described in detail by Veatch" in 1902. 

The old brine wells are shallow, usually 10-20 feet in depth. 
The Vivian Oil Company drilled their Bodcau No. 1, located near 
the center of the NW. 4, Sec. 25, T. 13 N., R. 5 W., in 1916. This 
well was abandoned in the Blossom sand at a depth of 2,134 feet. 


TOPOGRAPHY 

The dominant topographic features of Price’s salt dome (Fig. 
17) is the central hill, Lick Hill, which is completely separated from 
the surrounding hill lands by the barren licks, or salines, encircling 
its base. The rolling, hilly lands on the west and southwest sides of 
the central hill reach an elevation of 180 feet above sea-level, or 
95 feet above the salines and the bottom lands. On the north the 
hills are lower, and cut by the broad valley of Cypress Bayou. On 
the east side a narrow ridge, broken in three places by stream chan- 
nels, separates the saline from the Dugdemona bottoms. The gen- 
eral features of Lick Hill are shown in Figure 17, but the several 
minor topographic features, notably the small holes, like sink holes, 
which are scattered over the hill, are but imperfectly represented. 
The largest of these holes is just south of the apex of the hill. It is 
about 75 feet in diameter and 20 feet deep. 

The salt-dome region is drained by Dugdemona Bayou, which 
flows in a general southward direction on the east side of the dome. 
The salt dome proper is drained on the north by Cypress Bayou 
and on the south by Powder Spring Branch. Small radial streams 
rising on the flanks of the encircling hills on the west and south 
sides of the dome empty into the salines to form a circular drainage 
system around the base of Lick Hill. 


SURFACE GEOLOGY 

The hills encircling the dome are composed of light-colored and 
red sands and clays. Thin partings of ferruginous sandstone are not 
uncommon, and some clay ironstone occurs. The beds are generally 


* A. C. Veatch, “The Salines of North Louisiana,” Geol. Survey of Louisiana, Report 
of 1902, Special Paper No. 2 (1902), pp. 64-70. 
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massive, but in some places are poorly bedded. The upper parts 
of the hills are covered with fine gray sand, which generally conceals 
the structure of the underlying beds. The central hill is covered 
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Fic. 17.—Topographic map of Price’s salt dome, showing central hill with circular 
drainage system around the base. 


with red sand, apparently residual, as several test pits show it to 
be underlain by light-colored sand and sandy clay, essentially similar 
to that exposed on the inner flanks of the encircling hills. A single 
outcrop of hard, light-gray, calcareous sandstone, containing leaf 
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impressions and small particles of lignite, occurs on the inner slope 
of the low ridge facing Lick Hill on the east. It is almost identical 
in character and appearance with the outcrop at Rock Bluff, on 
Drake’s salt dome. This outcrop is assigned to the Wilcox forma- 
tion. It is small and poorly exposed; the strike appears to be north- 
south, and the dip is to the east. The beds outcropping on the inner 
flank of the encircling hills resemble the Wilcox formation, and the 
beds exposed higher on the hills and in the surrounding hill lands 
are typical Sparta sand. If this correlation is correct the marine, 
glauconitic, Cane River beds should outcrop in the hills, but the 
writer was unable to find them. The inwash of sand from the hills 
could easily have concealed them. 


UNDERGROUND GEOLOGY 
The shallow brine wells sunk on the salines, usually 10 to 20 
feet in depth, penetrated silt, sand, and clay. Veatch" gives the 
following well section: 


WELL SECTION, TILLY LICK 


Feet 
Ta lightisandyaclayarntemcsterieer Taree 2 
2. Yellow clay mottled with red.......... 5 
a Wenz Geis INS CEM sconouscscocordooc zg 


The dump heaps show fragments of calcareous sandstone similar 
to the outcrop previously described, as well as fragments of hard blue 
limestone resembling the calcareous bowlders of the Wilcox forma- 
tion. Hilgard’ reports the finding of vivianite, a mineral commonly 
associated with salt-dome cap rock. The well drilled on the west side 
of the dome by the Vivian Oil Company showed the following log: 


LOG OF THE VIVIAN OIL COMPANY—BODCAU NO. 1, 
IN SEC. 25, T 13 N., R5 W. 


Depth 

boast (Feet) 
IDs Kone ens RO ROC RIES OA NE td ec 59 
Fine packed«sand/and -bowlders< & wa... <5) seme s on 84 
Soft. gumbo seerteccn ease eee 85 
Good fresh water show, water sand................ 104 
Hardesumboy 2 7sah.ce ee ere ek oc ora ee IIO 


t Op. cit., p. 68. 


2E. W. Hilgard, Supplementary and Final Report of a Geologic Reconnaissance of 
Louisiana (New Orleans, 1873), p. 31. 
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Depth 

(Feet) 
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I Uitacll donne Shey ech eoichon) Gaeta OO RNa eT ROIS Holo 905 
Rock and pyrite, soft and porous in places.......... 913 
Rockwandipyriteporous scr eeecrcs tet rere O17 
Rocktandipyritewaneeras tac unr rasicie face e eens 931 
Wihitersandrandibowlders yess secret eee 047 
SOE Gewlls gavel oS. soagsuccbocnadascooduocd: 967 
Hardt oumibonmeera etstias oe aro < cieeiiae tes oereceusnhonare 978 
Rockvandspyritewre cere On ye eee 979 
Handtshalexand: bo wid ers ere ra cer se areier tie 1,009 
Rocksande pyrite ee marten ce ers eee eee ier Tone 
Telanqal Ail gheral OATS. ouou no coosundcogeecawe ae 1,033 
Rocktandi py rites. tee ssa oer Ree hens Soke 1,035 
Rockiand pynitete Me sewenen on .tas eee ee ee oe 1,060 
Hard chalererteicaussedirc sac e naar ise eee O77 
TNOCK#AMG! Wy GhU Cems chal menee ston tones ta iene ae eee 1,081 
Tig bee teks, Soawches se svt ep enee C eeer Te55 
lelehnal Savalle: ahaval ovoNMGWISs oc cee ccoracacnonpoonesac 1,494 
Hard cumbo syn aires erence ocr eee enn ea ee F505 
SOL winhite cOC krereeusehey sre aetea aes otek ger ten Meme eae eae iy Rtn 
GUT bO gee ee te etc et iy one eRe eee eee 1,539 
FAA eC Shall Cree ae ten cesar aan, tear Se eek eee ae TS 54 
lar cleg til DO acne 8 ancien Mack as ean ere Ree cae 1,689 
RG CK ieee eae cena = trate rate rset ae oe ee ee nk T,693 
Hardsshaleyears te oer ator i ee eee 1,696 
Ghalkyerocki reer scam ae te Foe sepcrcgn ere eae eae 1,699 
Chalkyarockehard fer eet wae Pe ee ee 1,946 
Gumbo sy. vereretenas rin nome aed ere ee re 1,953 
Hard Shale ies ccna ety ee eee 1,971 
‘Hardugumibowce: yack iene ae trai trae ae wait 1,988 
ROG 5 erate cieedcy cere arene aot aeatee aea cet ear 2,029 
DAT GATO CK acre ety h a ie, Oegee e  VR a RS aeeE 2,001 
Gumbomarir of casa tae ae ee eee 2,104 
Sand TOCK a ees acess eee ne Ae ee cee kr ean ee 2,134 


Drill cuttings and cores are not available from this well, but an 
examination of the cuttings in the slush pit and around the casing 
head shows many fragments of chalk, Imoceramus prisms, and dark- 
colored shale, proving beyond reasonable doubt that the chalk was 
penetrated in this well. The sand recorded in the log, from 2,030 
feet to the bottom of the hole at 2,134 feet, is probably the Blossom 
sand (Upper Bingen). 

The sink holes on Lick Hill indicate a bed of soluble material 
beneath the surface sand. Test pits sunk to a depth of 4o feet found 
only sand and sandy clay, but that cap rock and rock salt underlie 
it at a moderate depth would seem a reasonable presumption. 
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STRUCTURE 

The massive or poorly bedded sand and sandy clays exposed 
around this dome give no clues to the dips of these beds. The Blos- 
som sand, found at a depth of 2,030 feet in the Vivian Oil Company’s 
Bodcau No. r, normally lies at a depth of 3,100-3,200 feet, indicat- 
ing an uplift of more than 1,000 feet. As this well was drilled on the 
flank, the total uplift probably is considerably greater. 

The salt licks or salines encircling the central hill perhaps closely 
outline the extent of the cap rock. 


DRAKE’S SALT DOME 
LOCATION AND HISTORY | 

Drake’s salt dome is located in Winn and Natchitoches parishes.’ 
The center of the uplift is in Secs. 20 and 21, T. 12 N., R. 5 W. Itis 
6 miles southwest of Price’s and 12 miles northwest of Winnfield 
salt domes. The town of Goldonna is one mile west of the dome. 

According to the early settlers, the Indians made most of their 
salt at the Little Lick, and this statement is substantiated by the 
large accumulation of pot-shreds present about this lick. The salt 
at this locality was mentioned in the Journal of M. de Bienville,’ 
of March 22, 1700, and many other references to this locality are 
found in the accounts of the early history of northern Louisiana. 
The exact date when white men first made use of the salt springs is 
uncertain, but one of the first accounts was given by John Sibley,” 
in a letter to General Dearborn, dated Natchitoches, April 10, 1805. 

The local demand so increased that in the early forties a certain 
Reuben Drake, who was then in possession and whose name the 
locality yet retains, attempted to obtain stronger brine by deep 
boring. Eight wells were drilled, one, near the milldam on the north 
side of the dome, to a depth of 1,011 feet. The others appear to have 
been from 100 to 200 feet deep. Artesian brine was found in each. 
In the deep well the pressure was sufficient to lift the water into a 
tank 35 feet above the top of the pipe. As the brine from this well 
was much weaker than that obtained from the shallower wells, it 
was not used to any extent. At the present time this well is flowing 
a small amount of salty water. 

1 Grace King, Siewr de Bienville (New York, 1892), pp. 100-102, 


2 John Sibley, “Louisiana: An Account of the Red River and Country Adjacent,” 
American Register, Vol. 4, pp. 49-67. 
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The property passed into the possession of M. J. C. Wells, who 
commenced to make salt in 1854. He used two wells, one on Little 
Lick and the other on Upper Lick. During the salt season he made 
from 30 to 4o bushels daily. 

With the outbreak of the Civil War salt operations on a large 
scale commenced, and continued to the end of the war. No records 
of the production are available, but it was probably second only to 
that of Bistineau. At the close of the war, operations on any con- 
siderable scale ceased. 

Drake’s salt dome was described in detail in 1902 by Veatch,’ 
who gives a very complete history of this dome. 

The first deep well, Drake’s artesian well, was drilled in 1864 


TABLE V 


WELLS DRILLED ON DRAKE’sS SALT DOME 








Total Salt 





ic Fa Locati Depth NS 
ompany arm ocation (Feet) ear (Feet) 
Reuben Drake...... Old Artesian Well | 21,12 N., 5 W, | 1,011 |1864-65) No 
Savage Brothers. ...} Test Well No. 1 Dit WING. VW |) A AO2 1906 goo 
Savage Brothers..... Test Well No. 2 20s D2 Nee SuWie |), 5 LO 1907 | No 





and 1865, and Savage Brothers drilled two wells in 1906 and 1907 
to depths of 2,262 and 1,510 feet, respectively (Table V). 


TOPOGRAPHY 

The topography of Drake’s salt dome (Fig. 18) is of the type 
common to most of the domes of this region. The central basin is 
about one mile in diameter, and, except for a low ridge on the west 
side, it is a low, swampy area which, during high water, is entirely 
covered with water. The barren salt licks are distributed around 
the margin of the basin. The salt licks are encircled by gently rolling 
hill land, 30 to 4o feet higher than the salines. 

Hickory Nut Ridge, on the southeast side of the dome, rises 
100 feet above the general level of the surrounding country, and, 
together with the central saline area, is the outstanding topographic 
feature of this locality. 


«A. C. Veatch, “The Salines of North Louisiana,” Geol. Survey of Louisiana, Report 
of 1902, Special Paper No. 2 (1902), pp. 51-64. 
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The salt dome is drained by Saline Bayou, flowing southward 
through the center of the dome. Cole Branch on the east and Mal- 
ladoe Branch on the west side are the most important tributaries. 


SURFACE GEOLOGY 

The hills surrounding Drake’s salt dome are composed of Sparta 
sand, which is normally at the surface here. Wilcox beds outcrop 
( e 
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Fic. 18.—Topographic map of Drake’s salt dome 


on Malladoe Branch, Cole Branch, and at Rock Bluff on Saline 
Bayou. Rocks of Cretaceous age are not known at the surface in this 
locality. 

The most important outcrop is at Rock Bluff, in the NE. cor., 
Sec. 29, T. 12 N., R. 5 W., where a gray, granular, calcareous sand- 
stone containing leaf impressions, thin streaks of lignite, calcite in 
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thin veins, and nodules of pyrite is exposed. The length of the out- 
crop is about 75 feet, and about 4o feet of beds are exposed at low 
water. Lithologically it is similar to the calcareous sandstone at 
Coochie Brake. The beds strike N. 80 W., and dip.45 degrees SW. 
A similar, but smaller, outcrop on Cole Branch strikes N. 56 E., and 
dips 40 degrees SE. On Malladoe Branch, near the center of the 
NE. 1 of Sec. 20, T. 12 N., R. 5 W., is a small outcrop of gray, 
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Fic. 19.—Well sections on Drake’s salt dome 


laminated sandy clay, dipping to degrees NW. These outcrops are 
assigned to the Wilcox formation, but, in the absence of fossils, 
their exact age is not definitely established. 


UNDERGROUND GEOLOGY 


Graphic sections of the wells drilled on Drake’s salt dome are 
shown in Figure 19. Drake’s artesian well, drilled in 1864 and 186s, 


was reported by Hilgard,* and the following partial section is given 
by Veatch? 


*E. W. Hilgard, Supplementary and Final Report of a Geologic Reconnaissance of 
Louisiana, New Orleans, 1873. 


2 A. C. Veatch, “Underground Water Resources of Northern Louisiana and South- 
ern Arkansas,” U.S. Geol. Survey, Prof. Paper 46 (1906), p. 300. 


INTERIOR SALT DOMES OF LOUISIANA Bei 


PARTIAL SECTION OF TEST WELL AT DRAKE’S SALT 
WORKS, SEC. 21, T. 12 N., R 5 W. 


Dye CULO W NGAI C ay Arehs NP Aer gs Veta omhog wi 2 o= § 
ys \WMULR EA EH AKO aoh ny srl 3 Reet Sea ace Oe ees ee 5- 42 
3. Cypress log, very much decayed and charred on 

CACHESICe see Vann e we canro ttn acca T ey Meas.) 42- 43 
4. Soft sand and streaks of clay of various colors... 43-318 
5. Very porous crystalline limestone; crevices filled 

with white and yellow calcite crystals........ 318-475 
6. According to Hilgard, cap rock continued to bot- 

tOMMOTHO lex a Leeann ral eens chet oui a oq erencte ae: I,OIl 


Savage Brothers’ Test Well No. 1, located in the center of the 
saline, had sand, gumbo, and shale to 290 feet, cap rock from 290 
to goo feet, and rock salt from goo to 2,260 feet. It was abandoned 
in hard gypsum at a depth of 2,260 feet. Savage Brothers’ Test Well 
No. 2, located about too feet from Drake’s well, had sand, gumbo, 
and shale to 955 feet, limestone from 955 to 1,135 feet, and gumbo 
and shale from 1,135 feet to the bottom of the hole at 1,510 feet. As 
neither drill cuttings nor cores are available from this well it is not 
possible to establish the correlation of the beds penetrated, but the 
180 feet of limestone found is probably of Nacatoch or Marlbrook 
age. Savage Brothers’ Well No. 1 had 610 feet of calcite cap rock, 
identical with the cap rock which outcrops on Winnfield Quarry 
dome. This well was abandoned after drilling hard gypsum from 


2,260 to 2,263 feet. 
STRUCTURE 


Drake’s salt dome consists of a central salt mass, roughly circular 
in form, and 3-3} miles in diameter. The salt mass is overlain 
by calcite cap rock 600 feet or more in thickness on top of the dome, 
and presumably decreasing in thickness down the sides of the salt 
core. The lowering of the salt core, brought about by the removal of 
salt in solution, has caused the central basin, which is a conspicuous 
feature of the topography of this dome. As this area was lowered it 
was partially filled with alluvium, washed in from the surrounding 
hill lands, which has covered the truncated edges of the older rocks 
tilted up around the salt core. The Wilcox beds, exposed at Rock 
Bluff and other places, dip away from the center of the dome at the 
rate of ro to 45 degrees. The probable structure of the salt core and 


328 W. C. SPOONER 


cap rock and the attitude of the sedimentary strata are shown in 
Figure 20. The total vertical uplift of this dome cannot be deter- 
mined, but, judging from stratigraphic evidence, it is estimated to be 
not less than 2,000 feet. 
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Fic. 20.—Section A-A! showing probable structure Drakes salt dome 


THE WINNFIELD SALT DOME 
LOCATION AND HISTORY 

Winnfield salt dome is 4 miles west of the town of Winnfield, 
Winn Parish. The center of the dome is in Secs. 19 and 30, T. 11 N., 
R. 3 W. It is 8 miles northwest of Cedar Creek and 12 miles south- 
west of Drake’s salt dome. 

The Winnfield dome has been known for many years, and it is 
reported that limestone was quarried and burned for lime at this 
place long before the Civil War. The locality was described by 
Hilgard’ in 1873. Harris and Veatch? described the geology in 1899, 


1K. W. Hilgard, Supplementary and Final Report of a Geologic Reconnaissance of 
Louisiana, New Orleans, 1873. 

2G. D. Harris and A. C. Veatch, “A Preliminary Report on the Geology of Louisi- 
ana,” Geol. Survey of Louisiana, Report of 1899, Part V (1900), pp. 56-59. 
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and pointed out the quaquaversal structure associated with this and 
other salt domes of northern Louisiana. Harris,’ in 1907, described 
this area in more detail. 

At the present time limestone is quarried, and a crushing plant 
with a daily capacity of about 1,000 tons is in operation. J. T. 
Lyons, Jr., of New Orleans, Louisiana, estimates that a million tons 
of rock have been removed to date. 

Drilling for oil and gas began in 1914, when the Tampico Oil 
Company drilled to a depthof 2,112 feet in Sec. 19, T. 11 N., R. 3 W., 
on the north side of the dome. The following list (Table VI) shows 
the wells drilled on and around this dome. 


TABLE VI 
WELLS DRILLED ON WINNFIELD SALT DOME 











Total 
Num : Salt 
Company Farm Kee Location ro Year (Feet) 








19, 11 N., 3 W.} 2,112 | 1914] No 
19,11 N., 3 W.| 1,100 | 1920] 999 
24,11 N. 4 W.| 1,246 | 1920] No 
30, 11 N., 3 W.| 4,021 | 1921] No 


Tampico Oil Co... .|/Southern Mineral Co. 
Cady Petroleum Co. |Southern Mineral Co. 
Cady Petroleum Co.|Southern Mineral Co. 
Gulf Refining Co...|Southern Mineral Co. 





mR N HH 








The Tampico Oil Company and the Gulf Refining Company 
wells found cap-rock material at several different depths, but salt 


was not encountered. 
TOPOGRAPHY 


The altitude of the bottom land along Bayou Sonnett, on the 
north side of the dome, is 140 feet above sea-level, and that of the 
highest hills in the locality is 260 feet, giving a total relief of 120 
feet. The central part of the dome, represented by the outcrop of 
calcite cap rock, is slightly basin-shaped, being 60-80 feet lower 
than the rim of hills encircling it on all but the north side. This 
rim of hills, sloping steeply toward the center of the dome, although 
no higher than the hills farther away from the center of the uplift, 
is nevertheless a marked feature of the topography of the dome 
(Fig. 21). The hills owe their presence to a capping of hard, ferrugi- 
nous sandstone in the St. Maurice beds. 

The regional draining is through Bayou Sonnett, which rises 


1 G. D. Harris, “Notes on the Winnfield Sheet,” Geol. Survey of Louisiana, Report of 
1907, Bull. No. 5 (1907). 
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several miles to the northwest. It flows in a general northeasterly 
direction until near the west side of the dome, where it follows the 
periphery of the uplift to the center of Section 19, where it again 
changes its direction to northeast and empties into Port Luce Creek. 
Rocky Branch, which rises near the center of the SW. ¢ of Sec. 30, 
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Fic. 21.—Topographic map of Winnfield Quarry dome 


drains the salt dome. It flows northeast, along the cap rock outcrop, 
and empties into Bayou Sonnett near the center of Sec. 19, T. 11 N., 
R. 3 W. 

An interesting feature is present in the low, marshy area lying 
between the encircling hills and Bayou Sonnett on the southwest 
side of the dome. This area is densely covered with trees, and its 
true nature has not been ascertained, but it is believed to represent 
an old course of the bayou in an earlier attempt to encircle the dome 
on the south side. 
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Many springs are present on the inner flanks of the encircling 
hills. 

SURFACE GEOLOGY 

Winnfield salt dome lies a short distance south of the contact 
between the St. Maurice beds and the Yegua formation. The en- 
circling inner rim of hills is composed of sand, clay, and ferruginous 
sandstone belonging to the St. Maurice beds and the Sparta sand 
of the Claiborne group. The Cane River beds are represented by a 
small outcrop on the northside of the dome, and the Wilcox forma- 
tion is recognized in two small isolated exposures. The outstanding 
feature of the dome is the exposure of the calcite cap rock over a 
considerable area in the center of the uplift. Cretaceous rocks have 
not been recognized in this locality. 

Cap rock.—The highest part of the dome is represented by an 
outcrop of calcite cap rock, covering an area of about 120 acres, 
in Secs. 19 and 30, T. 11 N., R. 3 W. That this limestone is more 
extensive than the surface outcrop is indicated by the sink holes 
present on the east and west sides of the outcrop. In the quarry 
face, 70 feet of limestone is exposed, but its total thickness is 
about 1,000 feet, as shown by the following well record: 


DESCRIPTION OF SAMPLES FROM CADY PETROLEUM 
COMPANY— SOUTHERN MINERAL COMPANY 
Nit, SEC 19. Hull NR: So 


Depth 
Feet) 
Limestone, white and bluish-gray, many small pockets of 
GAlciterehystalsteViGehibreey trie ane aaa eee 125 
Very small fragments of grayish-blue banded marble....... 236 
ACV CIV AINeAWILehWwaLCEISAUG er cir mimoa nn iat ener 300-303 
Marble, grayish-blue; fine to rather coarse material........ 314 
(Crany Wo Cond erie is oo neiloe shudbason atangoneme aoe ae 320 
MERA Ne \denive ene) Wey. Hedy eo ee was Ggemne omen orue 326 
Bite msyiiitepsalcl vase ence iter snare cso nr langene re Geetease 326-334 
White and blue-banded marble, predominantly white in color. 
One fragment contained a very small pocket of sulphur, 
burning readily and giving characteristic fumes......... 334-367 
White to gray and blue-banded marble................... 367-386 
\Wihiterandsblie-bandedsmarble men asemrita ace earns 391-409 
Blue-banded marble, together with much fine to medium- 
texturedawhiterto colomless sandins ass. demas) 409-419 
Gray and blue-banded marble; some pieces of white calcite.. 432-436 
ery Ane? White CaleaTeOUS SANU si) sus aise dee cart ves 430-438 


White and blue-banded marble..................00eeeees 438-999 
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The cap rock from the dome is described by M. I. Goldman, of 
the U. S, Geological Survey, as follows: 


Hand specimen—A very coarsely crystalline white limestone with thin 
fine-grained gray bands, partly very continuous and partly very twisted, shat- 
tered, faulted, or discontinuous, as if the material of the rock had been rear- 
ranged with some displacement. Full of cavities of varying size up to one-half 
inch, elongated parallel to the bedding, into which terminated crystals project. 
Orange-brown impurities along the walls of the cavities. 

Thin section—vVery large calcite crystals which, at extinction, have a 
mottled and flecked appearance; the flecks have a distinct fibrous appearance, 
with the orientation in two directions. By immersion of crushed material of the 
rock in a liquid of index equal to that of calcite these are found to be not inclu- 
sions, but planes developed in the rock presumably by pressure. Inclusions, on 
the contrary, are very scarce, and consist mostly of small dirty granules, prob- 
ably argillaceous. At one point a small fragment of what appeared to be an- 
hydrite was seen lying between calcite grains. The black bands are found to 
consist of fine-grained matter of argillaceous texture, disseminated in and around 
the calcite crystals apparently with little regard to present crystal boundaries. 
The crystals in these bands are generally somewhat finer, but the bands are not 
sharply defined, either in form or character. 

Residue insoluble in acid—Treatment with cold dilute hydrochloric acid 
leaves a small residue (perhaps } per cent) which is found to consist mostly of 
barite, with perhaps a little anhydrite and celestite. The majority of the grains 
are full of small black inclusions which suggest that they come mainly from the 
gray bands. Numerous very perfect, doubly terminated small (about 0.05 to 
o.I mm.) quartz crystals occur, evidently formed in place. 


N. Bawles, of Winnfield, Louisiana, has furnished the following 
analysis of the cap rock: 


QUANTITATIVE ANALYSIS CoMBINING RESULTS 

Percentage Percentage 
Silica -astolOs vase ree 1.25 Calcium carbonate (CaCo,)... 85.33 
ronrande Alumina eres reso. ‘Calétumoxide (Ca) nee 9.18 
Calcinmmeas CaO Ree eens OF Summ SILCAN (SiO): eae en 725 
Magnesium as MgL.P.0O..... 1.20 Ironand Alumina (Feand Al). 1.50 
Sulphatesee ee een ee ee 0.82 Magnesium (Mg)............ 1.20 
Loss on heating (carbon di- Sulphatest, saseane eee 0.82 

OXIdGr ante Eee ees 35.00 


Loss at 120 degrees very small 


The fine exposure of the unweathered cap rock in the 70-foot 
quarry face gives a good idea of the irregularity of the blue-gray 
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banding which changes laterally, in a distance of a few feet, from 
the width of pencil marks to bands more than one inch in width. 
The highly fractured condition of this limestone mass is also well 
illustrated here. 

EOCENE FORMATIONS 

Wilcox formation.—This formation is not well exposed, but is 
probably present in many places around the periphery of the cap 
rock, where it is generally concealed by the inwash of sand from 
the surrounding hills. Two outcrops, one on the north side and one 
on the south side of the cap rock outcrop, are correlated with the 
Wilcox formation. The outcrop on the north side lies under the 
Claiborne limestone, where 30 to 40 feet of laminated, chocolate-col- 
ored and brown lignitic clay, striking about N. 80 E. and dipping 
NW., is assigned to the Wilcox formation. It contains a number of 
species of fossil plants. The other outcrop is in the bank of Rocky 
Branch near the center of Sec. 30, T. 11 N., R. 3 W. It consists of 
finely laminated lignitic clay which apparently dips to the southeast. 

Cane River beds—The basal beds of the Claiborne group are 
represented by a small outcrop near the center of Sec. 19, T. 11 N., 
R. 3 W. It consists of light-colored, somewhat glauconitic, highly 
fossiliferous limestone and glauconitic marly clay. The length of 
the outcrop is about 300 feet, and about 30 feet of beds are exposed. 
The beds strike N. 30 E., and dip 30 to 4o degrees NW. 

Sparta sand.—The light-colored sands and sandy clays that 
appear on the inner flank of the hills encircling the cap rock outcrop 
belong to the Sparta-sand member of the Lower Claiborne. They 
are particularly well exposed in the old St. Maurice-Winnfield road, 
on both sides of Rodly Branch, in Sec. 30, T. 11 N., R. 3 W. 

St. Maurice beds.—These beds, consisting of thin’glauconite sand 
and marl beds interbedded with light-colored sand and sandy clay, 
containing a considerable amount of ferruginous sandstone, outcrop 
in the upper part of the encircling hills. They are well exposed along 
the quarry railroad and in the St. Maurice-Winnfield road. Dips of 
10 to 15 degrees are observed. 

Yegua formation.—The light-colored ‘sand and lignite clays 
which make up this formation are well exposed in the area surround- 
ing the dome. Dips of 1 to 3 degrees are noted. 
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UNDERGROUND GEOLOGY 
Drill cuttings and cores are available from only two of the four 
wells drilled in this locality (Fig. 22). The Cady Petroleum Com- 
pany—Southern Mineral Company No 1—started in the cap rock 
and continued in this material to 990 feet, where rock salt was en- 
countered. It was abandoned in rock salt at a depth of 1,100 feet. 
The Gulf Refining Company—Southern Mineral Company No. 1— 
started in the Claiborne and at a depth of 4,012 feet was in the 
Arkadelphia formation of the Upper Cretaceous. Limestone and 
anhydrite were encountered at several depths in this well. A core 
from 2,020 feet consisted of gray anhydrite showing a dip of 70 
degrees. Sandy lime is recorded at various depths, from 290 feet 
down to 1,800 feet. From the appearance of this material in the 
drill cuttings the lime is believed to be secondary. The Tampico 
Oil Company—Southern Mineral Company No. 1—records sand 
and shale from the surface to a depth of 1,185 feet, and consider- 
able marble from 1,185 to 1,600 feet. 


CEDAR CREEK SALT DOME 
LOCATION AND HISTORY 

Cedar Creek salt dome is located about three miles south of 
Winnfield, in Winn Parish. The center of the dome is in Secs. 30 
and 31, T. 11 N., R. 2 W. It is seven miles southeast of Winnfield 
Quarry dome. The Winnfield-Alexandria highway crossed the cen- 
tral saline. 

A small amount of salt was produced during the Civil War 
from a well located on the salt lick, on the west side of the dome, 
south of the highway. This locality was described by Hilgard,? and 
described in detail by Harris,? who gives a section of the supposed 
structure of the rocks underlying Cedar Lick. 

Drilling for oil and gas commenced in 1903 and continued, with 
many interruptions, to 1917. Inadequate drilling equipment and 
the hard cap rock material prevented the wells drilled on the higher 
portion of the dome from reaching any considerable depth. Pardee 

‘E. W. Hilgard, Supplementary and Final Report of a Geologic Reconnaissance of 
Louisiana (New Orleans, 1873), p. 32. 


2G. D. Harris, ‘Notes on the Winnfield Sheet,”” Geol. Survey of Louisiana, Report 
of 1907, Bull. No. 7 (1907), pp. 10-14. 
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No. 2 missed the cap rock and the salt and, as near as can be deter- 
mined, was abandoned in the upper Bingen at 2,650 feet. 


TOPOGRAPHY 

The topography of Cedar Creek dome (Fig. 23) is very much like 
Drake’s salt dome. It consists of a central saline basin over the salt 
mass, surrounded by a series of low hills. The central saline is a low, 
flat area about 6,000 feet long and 3,000 feet wide at the widest 
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point. It is covered with trees, except on the barren salt licks, or 
salines, grouped around its periphery. The elevation is 100 feet 
above sea-level, and the relief of the encircling hills, which merge 
with the gently rolling hill land of this area, is 50-70 feet. 

The salt dome is drained by Cedar Creek, which meanders 
northward through the low area. Radial drainage converges in the 


central basin. 
SURFACE GEOLOGY 


Cedar Creek dome lies in the area of the Yegua formation, which 
is exposed in the upper portion of the encircling hills. St. Maurice 
beds crop out along the highway in the SW. { of Sec. 30, T. 11 N., 
R. 2 W., and probably crop out in a belt encircling the central saline, 
where they have been covered by the inwash of sand from the sur- 
rounding hills. Older Tertiary and Cretaceous rocks are not known 
to crop out in this locality. 
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UNDERGROUND GEOLOGY 

The underground geology is difficult to interpret from the 
meager data obtained from the wells drilled in this locality. The 
cap rock is found from 600 to 800 feet below the surface. It consists 
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Fic. 23.—Topographic map of Cedar Creek salt dome 


of white and gray banded calcite rock, similar to the cap rock at 
Winnfield, but containing more gray material and much more 
pyrite. The considerable amount of pyrite contained in this rock 
accounts for the hard drilling met with on this dome. More than 
300 feet of cap rock were penetrated in Pardee No. 1 well, and its 
total thickness may be several hundred feet more. The age of the 
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600-800 feet of beds overlying the cap rock is not known, but from 
the driller’s record appears to be, in part at least, of Cretaceous age. 

Pardee No. 2 well, drilled about 1,500 feet northeast of the No. 1 
well, appears to have had a normal section, finding neither cap rock 
nor rock salt. As the writer interprets this log (Fig. 24) it had chalk 
from 1,952 to 2,206 feet and the top of the Blossom sand at 2,247 
feet. The record is incomplete from 2,310 feet to the bottom of the 
hole at 2,650 feet. If this correlation is correct, an uplift of more 
than 3,000 feet is indicated. 

STRUCTURE 

The cap rock penetrated in several of the wells drilled on this 
dome proves beyond reasonable doubt that the salt mass underlies 
it at some depth. The steepness of the dip around the cap rock is 
indicated by the logs of Pardee No. 1 and Pardee No. 2 wells (Fig. 
24). The vertical uplift measured on the Blossom sand, normally 
about 4,500 to 5,000 feet below the surface in this region, but found 
at a depth of 2,247 feet, is about 2,700 feet. The total vertical uplift 
is probably somewhat greater. 


COOCHIE BRAKE 
LOCATION AND HISTORY 

Coochie Brake is located in the southwestern corner of Winn 
Parish, about 5 miles west of Atlanta and 15 miles southwest of 
Winnfield. The center of the brake, which is believed to coincide 
with the center of the uplift, is in Sec. 6, T: 9 N., R. 4 W. It is 8 
miles southwest of Winnfield salt dome and 14 miles south of 
Drake’s salt dome. 

The limestone outcrop on the north side of Coochie Brake has 
been referred to by many of the early investigators of this region. 
Its chief interest to the layman seems to have been founded on the 
belief that precious minerals occurred in this locality. Harris 
and Veatch’ believe that the glittering appearance of freshly broken 
pyrite nodules, which occur in this rock, have been at the bottom . 
of the vast majority of statements concerning the mineral wealth 
of this part of Louisiana. Salt was not made at this locality, and it is 
therefore not so generally known as some of the other domes. 


™G. D. Harris and A. C. Veatch, “A Preliminary Report on the Geology of Louisi- 
ana,” Geol. Survey of Louisiana, Report of 1899 (1900), p. 60. 
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Fic. 24.—Well sections on Cedar Creek salt dome 
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Harris and Veatch? described Coochie Brake in 1899, and Harris,’ 
in 1907, amplified his previous statements concerning this locality. 
These investigators first interpreted Coochie Brake as a structural 
dome. 

The Cady Petroleum Company drilled two wells in 1921, both 
located in Sec. 31, T. 10 N., R. 4 W. Edenborn No. 1 was junked 
at a depth of 1,912 feet, and Edenborn No. 2 was abandoned as a 
dry hole at a depth of 3,100 feet. Neither well reached cap rock or 
rock salt, but the information obtained from these wells substanti- 
ated the presence of an uplift comparable in magnitude to that of 
other salt domes in this region. 


TOPOGRAPHY : 

Coochie Brake (Fig. 25) is a somewhat swampy area which, dur- 
ing the greater portion of the year, is covered with 2-4 feet of water. 
It is slightly more than one mile in diameter. The brake and the 
surrounding area, except on the north side, are densely covered with 
timber and underbrush. The altitude of the brake is about 150 
feet above sea-level, and that of the highest hills encircling it on the 
north is 75-80 feet higher. The most conspicuous topographic fea- 
ture of this locality is the calcareous sandstone outcrop which forms 
a prominent northeast-trending ridge in the SW. 4 of Sec. 31, T. 10 
N., R.4 W. This ridge rises precipitously to a height of 65 feet above 
the level of the brake. Because of dense vegetation, the area to the 
south of the brake is practically unknown. Salt and sulphur waters 
and gas emanations are not known to occur, but it is possible that 
they may occur in the unexplored portion of the area. 

The existence of a salt core underlying Coochie Brake is not 
proved, but the evidence of an uplift approaching some of the better- 
known domes in magnitude is reasonably conclusive. A comparison 
of the topography of Coochie Brake with that of Drake’s salt dome, 
14 miles to the north, is suggestive. Coochie Brake corresponds 
closely in outline and areal extent to the central saline area at 
Drake’s, and the calcareous sandstone, dipping steeply away from 
the dome, is present in both localities and occupies the same posi- 

1 Op. cit., pp. 59-61. 


F ? G. D. Harris, “Notes on the Winnfield Sheet,” Geol. Survey of Louistana, Report 
of 1907. 


INTERIOR SALT DOMES OF LOUISIANA 341 
tion relative to the central low area. The rock in both places is 
essentially similar in character. 


SURFACE GEOLOGY 
The hills around Coochie Brake are composed of light-colored 
sands belonging to the Yegua formation of the Upper Claiborne. 
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Fic. 25.—Topographic map of Coochie Brake 


The slopes of the hills are covered with fine sand, effectually con- 
cealing any bedding that may be present. The only outcrop of 
importance in this locality is the ridge-forming limestone in the 
SE. 4 of Sec. 31, T, 10 N., R. 4 W. The general features of this 
outcrop and its topographic expressions are shown in Figure 25. 
It is a massive calcareous sandstone containing many nodules of 
pyrite. Small fragments of lignite and some fossil leaves are found 
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in these beds, which, except for the greater amount of pyrite, are 
almost identical with those exposed at Drake’s and Price’s salt 
domes. The beds strike northeast, and although no distinct bedding 
planes are present, the inclination is definitely to the northwest. 


UNDERGROUND GEOLOGY 


The two wells drilled by the Cady Petroleum Company in Sec. 
31, T. ro N., R. 4 W., have furnished some information relative 
to the underground geology. However, these wells are located well 
down the flank of the uplift and did not reach the Cretaceous. Eden- 
born No. r well was junked at a depth of 1,912 feet, probably in the 
lower Wilcox, which, on the outcrop in Sabine Parish, would corre- 
spond to the Nanafalia beds. Edenborn No. 2 well, located 1,100 
feet northwest of Edenborn No. 1, was abandoned at a depth of 
3,100 feet, probably in the base of the Wilcox formation or in the 
upper part of the Midway formation. Chester A. Baird, geologist 
for the Cady Petroleum Company, supervised the drilling of these 
wells. According to Mr. Baird, Edenborn No. 1, located at the base 
of the limestone escarpment, found the top of the calcareous sand- 
stone at a depth of 121 feet below the top of the escarpment, indi- 
cating a fault of approximately the same displacement. The same 
calcareous sandstone bed was found in Edenborn No. 2, located 
1,100 feet northwest of Edenborn No. 1, 481 feet below the top of 
the escarpment, indicating a dip to the northwest of more than 20 
degrees. 

STRUCTURE 


The 20-degree northwest dip on the north flank of Coochie 
Brake dome is even more impressive when it is considered that this 
dome is on the steeply southward-dipping Angelina-Caldwell 
flexure. Presumably the older Tertiary and Cretaceous rocks ap- 
proach, or reach, the surface between the brake and the limestone 
outcrop. The center of the uplift, or that part of the dome under- 
lain by the salt core, lies somewhere within the low marshy area 
known as Coochie Brake. 


BIBLIOGRAPHY 
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THE BAYOU BOUILLON SALT DOME, 
ST. MARTIN PARISH, LOUISIANA 


DAVID DONOGHUE! 
Houston, Texas 


ABSTRACT 


The Bayou Bouillon salt dome is located in the swamps northeast of Martinsville, 
Louisiana. Cap rock appears to occur at depths of 1,500 to 2,000 feet. The salt has a 
rather gentle slope on the east and north, but the west and south sides of the dome are 
unexplored. Small quantities of heavy black oil have been found in shallow sands. 


LOCATION 


The Bayou Bouillon salt dome is in St. Martin Parish, Louisiana, 
in Township 9 South, Ranges 8 and 9 East, 15 miles northeast of 
St. Martinville. Situated in the midst of the Atchafalaya swamps, 
Bayou Bouillon can only be reached by boat. The most convenient 
point of access is Atchafalaya, a station on the Baton Rouge branch 
of the Southern Pacific Railway. The intricate system of bayous, 
lakes, and rivers in the swamps makes it possible to barge machinery 
and supplies into the district very cheaply. 

The drilling crews usually live on houseboats, for the only dry 
land is that on the natural levees along the rivers, and this is covered 
with water for several months of the year. Fishing, lumbering, and 
gathering moss are the main occupations of the inhabitants, who 
live in small houseboats or in houses on the high ridges along the 
waterways of the swamp. 

HISTORY 


Bayou Bouillon means “bubbling” or “boiling” bayou. As early 
as 1833 this boiling was noticed, and old maps show the location 
of the bayou as we know it today. The Spindletop discovery in 
January, tgor, called attention to the oil possibilities of the Gulf 
Coast region, and two swampers, George Knight and E. A. Davis of 
St. Martinville, who had spent many years taking timber out of 
the swamps, went to Bayou Bouillon and found that the bubbles 
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would burn. With Robert Martin and others they immediately 
purchased several thousand acres of land in the vicinity. 

In the year 1902 four wells were started at Bayou Bouillon. 
O. W. Heywood, of Heywood Brothers of Spindletop and Jennings, 











Note :- 
£.&S5= Emerson & Sutton 


Contours on top of Dome Materials, 


BAYOU BOUILLON 


ST. MARTIN PARISH LA. 
JANUARY 1, 1924. 





Fic. 1 


F, F. Maxwell and W. D. Sherwood, Charles A. Lowry, and Shel- 
bourne and Kelso were the operators. Heywood lost his first hole 
at 365 feet and then drilled a second test to a depth of 1,089 feet. 
All of these tests had showings of oil and gas, and it is said that some 
oil was bailed from the Heywood No. 2. By the summer of 1903 
these tests had been abandoned. During the succeeding years a few 
holes were put down, the most important being the Crowley Oil 
and Mineral Company No. 2, which struck salt at about 1,650 feet. 
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In 1916 Sloan Emerson and Jim Sutton, who had been successful 
at Vinton and Edgerley, obtained leases and interested the Gulf 
Refining Company of Louisiana. Nine tests were drilled. One 
shallow well made about 25 barrels of oil per day and furnished fuel 
for operations for a period of two or three months. The Gulf Refining 
Company on its own account drilled No. 1 Prohaska on the east 
side of the Grand River in Iberville Parish. 

In 1919, after the Gulf Refining Company had withdrawn, 
Emerson and Sutton drilled a 449-foot well which made about 10 
barrels of oil per day. > 

In 1921 the Gulf Refining Company started drilling again and 
put down six tests. In 1923 the Gulf surrendered its leases. 

In February, 1924, most of the land around the dome was pur- 
chased in fee by the Rycade Oil Corporation. 


PREVIOUS REPORTS 


Fenneman’ and Harris? have published brief descriptions of 
Bayou Bouillon. Both of these authors state that 300 feet of lime- 
stone was reported in the Maxwell and Sherwood well between the 
depths of 850 and 1,150 feet, while the log of the well, as published, 
shows only 20 feet of “‘lime”’ from 830 to 850. However, this may be 
a typographical error, for Robert Martin, of St. Martinville, has a 
log in his office which shows “lime” from 850 to 1,150 feet. That 
this ‘‘lime’”’ is cap rock is questionable, for sand is reported beneath 
it and subsequent drilling seems to indicate that the cap rock is 
between 1,500 and 2,000 feet in depth where this well was put down. 
In various papers Lee Hager, William Kennedy, Sidney Powers, and 
Alexander Deussen have mentioned Bayou Bouillon as one of the 
Gulf Coast salt domes. 


PHYSIOGRAPHY 


As has been noted, Bayou Bouillon is in the Atchafalaya swamps. 
No topographic mound is present. “Ridges” run through the 
swamps and along the banks of the rivers but these are probably 


tN. M. Fenneman, “Oil Fields of the Texas-Louisiana Gulf Coastal Plain,” Bull, 
U.S. Geol. Survey No. 282 (1906), p. 112. 

2G. D. Harris, “Oil and Gas in Louisiana, etc.,” Bull. U. S. Geol. Survey No. 429 
(1910), pp. 13 and 41. 
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the result of the deposition of silt from the flood waters of the 
Mississippi which find their way into the Atchafalaya and thence 


to the Gulf of Mexico. 
GEOLOGY 


Along the banks and in the bed of the Bayou Bouillon there are 
gas escapes and beds of “paraffin dirt.’”” Fennemant evidently refers 
to “paraffin dirt”? when he mentions the “‘occasional occurrences of 
an oily or asphaltic matter in the soil.” 

The extent and shape of the cap rock and salt are not known 
on the west and south sides of the dome. The information concern- 
ing many of the wells drilled is meager or entirely wanting. 

The dome is probably cone shaped. On the east and north sides, 
as far as revealed, the flanks of the salt have, for a salt dome, a 
gentle slope. The thickness of the cap rock on top of the salt is not 
known, but it is probably 250 or 300 feet. 

There is no log available of the Crowley No. 2 well, the only 
test which went through the cap rock on top of the dome and into 
the salt. Gulf Refining Company of Louisiana No. 2 Atchafalaya 
Land and Mineral Company found porous cap rock at 1,324 feet, 
the shallowest of which a record can be found. Gulf Refining Com- 
pany No. 2 Hope Oil Company reports 35 feet of “‘blue and black 
lime” from 2,587 to 2,622 feet, and salt from 2,622 to the bottom 
of the hole at 2,690. Gulf Refining Company No. 3 Hope Oil 
Company reports salt at 2,852, but no cap rock overlying the salt. 


OIL AND GAS 


Only small amounts of heavy black oil have been produced at 
Bayou Bouillon from shallow wells. Nearly all the wells drilled re- 
port sands showing oil. 

The possibilities of this dome as a producer of oil are by no 
means exhausted. The west and south flanks of the salt core have 
never been explored. 


LOp. cit., ps 112. 


SECTION 28 SALT DOME, ST. MARTIN PARISH 
LOUISIANA 


DAVID DONOGHUE 
Houston, Texas 


ABSTRACT 


Gas and “paraffin dirt”’ prompted drilling of a test well northeast of St. Martin- 
ville, Louisiana. A showing of oil was found at a depth of goo feet, and salt from 1,250 
to 2,500 feet. There was no cap rock. 


The Section 28 salt dome is in St. Martin Parish, Louisiana, 8 
miles northeast of St. Martinville, in Township 9 South, Range 7 
East, and in the western part of the Atchafalaya swamps. This 
locality has been called Catahoula Lake, Parks, and the Hager- 
Martin dome. A more appropriate name would be Bayou Martin, 
but as those who are interested in the locality commonly refer to it 
as Section 28, this name has been adopted for this paper. 

In the year 1916 Lee Hager and W. C. Moore published a 
pamphlet entitled Indications of Oil in the Gulf Coast Country, which 
had wide circulation and aroused much interest in the search for new 
domes. As a result, Derneville Barras, of St. Martinville, found 
gas, and later Lee Hager found “paraffin dirt,” near the southwest 
corner of Section 28, at the spot where the Hager well was later 
drilled. Robert Martin and his associates purchased lands around 
the prospect and made arrangements with Lee Hager and E. F. 
Simms to drill a well. The location was accessible only during peri- 
ods of high water, so the derrick was built on piles 8 or 10 feet 
above the swamp level, and drilling started in May, 1917, and was 
completed in June, 1918. 

A showing of oil was found at a depth of about goo feet. No cap 
rock was encountered, but salt was found at 1,250 feet and con- 
tinued to the bottom of the hole at 2,500 feet. 

Deussen’ gives the following information concerning material 
from this test: 

* Alexander Deussen, Bull. Amer. Assoc. Pet. Geol., Vol. II (1918), p. 22. 
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A somewhat unusual find in this well was a sample of pinkish siliceous rock 
at a depth of 1,220 feet. Analysis showed a trace of sulphate of lime and about 
35 per cent of carbonate of lime. It resembled volcanic ash, but Dr. Udden, to 
whom a sample was submitted, reported no ash present. The rock consists 
mostly of fine quartz grains with some zircon fragments. Somewhat similar 





Fic. 1.—Section 28 Salt Dome, T. 9 S. R. 7 E., St. Martin Parish, La. 


deposits are encountered in the outcrop of the Fayette sandstones of Texas and 
west Louisiana some too miles to the northwest, and they also occur in the 
Catahoula formation which outcrops about 90 miles to the north. If a part of 
this formation, the normal position of these beds would be considerably deeper 
than found in this well, so that the evidence of uplift is unmistakable. 


Since the completion of the Hager well the levee system has been 
extended, drainage canals are now being excavated, and prepara- 
tions are being made for the building of a road to the dome from the 
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state highway between Isle Labbe and Catahoula Lake. “Paraffin 
dirt” and gas have recently been found at other points near the 
Hager well. It is possible that these indications will be found all 
around the edge of the salt mass. 


LOG OF WELL: 


Formation Depth (Feet) 
Bluesgumbo se eaencc cate wetee tas cis acters 83 
Blueyshale mw svwsehceccert racer xeon 103 
Wiaterssam des Sak em acres treerro reas «mares 124 
Sandeshalemonwee cts cracker chance nice teneretene 145 
Bluetshale Wet cstecurads van aea eur caves 165 
Shale bowldersturmcmrvoc sei eeractenarace 186 
SAM talewe ences arsenite ay nares vernon ears 208 
Shale ttemestcnerat oe trs tine mme nearer 228 
Gumbo aa eae oe ee een 239 
Sandigrav elt avs wiccacevesierecoithescle a nora sees 274 
Comentedisandssrayel mmr ian tres 301 
Gumbo: Fenn rein ree is oe ae 313 
Hardicravele easy. earn irc reteone 324 
IeiMesrOock wre ar seer tetera Meee eerste 328 
Gumbokyn etre cece er ee 335 
Shale Gate hater ene eee 340 
Tete shells erersaveveesvae Oe ks comet Teeter aes 341 
Gumborey pore reed ere 366 
Hard bite shalets.ccc ico er we eee ate 3096 
Gumbosbowldersremmein aeercete rete 403 
Gumborbowldersepem eer ere 406 
DANG Die shales ais. sorqe owe ae ares ve eens 429 
Sand voraveliet.s ra maria erences wees 451 
Sand-gravel Pi zscsess neon ae ares 492 
Rockapynites line sere eerie errs 497 
Sanide rs sor anya eee cee: 508 
GUMDOP ERE ernie eo ERE ee 517 
Graveliencrois conics ore one anes 520 
Gumbotaganr sacha ora re 570 
Tame rock#tevpate tion reales See 585 
Shalevbowlders amare toe oe 628 
Rockcementedisandisctaro ware 640 
Cemented sand, very hard in streaks...... 710 


Drilled by Lee Hager, E. F. Simms, et a/., on Section 28 Salt Dome, St. Martin 
Parish, Louisiana. Drilling started May, 1917; drilling completed June 1, 1918. 


SECTION 28 SALT DOME 


Formation Depth (Feet) 


Cemented sand and gravel 
Barrels of nearly pure lime 


esaaexie ered 804 
Thin streak of black shale 
Running Hughes bit last 5 feet J 
INOS DOLE pte ee renter iceesren ons Q5I 
Gyp rock with breaks of shale............ I ,030 
Crystalized sand; contained water......... 1,085 
Crystalized sand; breaks of gyp........... 1,136 
Crystalized sand, gyp, hard rock.......... Th its 
iPackedisand:and) bowlders.. .a.ee ese on 1,167 
Rock=—oe in ts., Ie RR eo Reh tale aa 1,171 
GY PSUDIEM eye ce earns octane nie ernraiete 1,186 
ROCK Se Ae adettrsve rey vescrainve re Ss iele pareve econ se 1,190 
Packedisanid’s parc. sce seve aie nee arenes sates 1,193 
ROCK Mauer seer mara Narr Sorc Air rarsrsaraslactreiteree tate 1,205 
Packedisarid Merck cces ote relent reek ter oa eee I, 209 
ROCK eich Miva ec orate: 1,214 
Ehardusam diya wet cnartaerat toys tell vernon aaron eas 1,227 
DarktoreysSandycecrycs-rscar rice nese os T7235 
Binkisandivenysaltyen meee eee ac 1250 
Brokenysaltrand sandler iarteetereelere 1277 


Sa ESLOCK teas ny akeyecs rion ste claeelewahe lehshonc ay olay dieses 2,500 
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THE FIVE ISLANDS, LOUISIANA 


FRANCIS EDWARD VAUGHAN 
Houston, Texas 


ABSTRACT 


The Five Islands, so called, are in reality large, symmetrical hills, or rounded 
eminences, rising to an elevation of 100 feet or more from a flat, marshy plain in south- 
western Louisiana. They are distributed at irregular intervals along a straight line which 
runs about northwest. They have aroused interest and published comment from 
scientists for more than a hundred years, and for a long time it has been generally known 
that these hills are underlain by immense bodies of salt and are the surface expression 
of recent upthrusting of salt plugs. Each of the islands is described in detail as to its 
geology, its record as a source of salt (several of the Islands have for years been the site 
of extensive salt-mining), and its possibilities for oil production. The evidence which 
these occurrences affords as to the origin of salt domes is analyzed. An extensive Bib- 
liography is appended. 


INTRODUCTION 


The Five Islands are in reality five elevations along a line bearing 
S. 49° E. and running from Lake Peigneur, to miles west of New 
Iberia, to the mouth of Atchafalaya River. The lower four are either 
entirely surrounded by sea marsh or partly by marsh and partly by 
the water of embayments from the Gulf of Mexico. In order, from 
the northwest, they are: Jefferson Island, Avery Island, Weeks 
Island, Céte Blanche, and Belle Isle (Fig. 1). 

Great masses of salt have been found beneath each of the islands, 
but only one, Belle Isle, has yielded even a trace of oil, and even here 
only small quantities have been found. 

The islands attracted the attention of the earliest explorers in 
this part of the country, and numerous papers have been written 
concerning them (see appended Bibliography). Most of the early 
writings are of little scientific importance, as the descriptions were 
influenced by the theories of their origin advanced by the various 
writers, theories quite absurd in the light of present knowledge. 

The papers by A. C. Veatch on ‘““The Five Islands,’’s°* by G. D. 
Harris on the “Rock Salt in Louisiana’’** and “Oil and Gas in Louisi- 


*Numbers refer to papers in Bibliography. a 
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Frc, 1—Map showing Salt Domes in southern Louisiana 
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ana,’’s? by Captain A. F. Lucas on “Belle Isle,” and by G. S. Rogers 
on the “Intrusive Origin of the Gulf Coast Salt Domes’’ss are much 
better than the earlier papers and have been drawn on freely in the 
writing of the present paper. Material has also been received from 
numerous other sources, including companies and individuals who 
have been in close touch with the exploration and exploitation of the 
islands. For their kind assistance special thanks are due C. J. Web- 
re, David Donoghue, T. W. Moore, Wallace E. Pratt, of the Humble 
Oil and Refining Company, Donald C. Barton, of the Rycade Oil 
Company, Sidney Bradford, of the Avery Rock Salt Mining Com- 
pany, and H. C. Fultz, of the Myles Salt Company, Ltd. 


JEFFERSON ISLAND 
LOCATION 
Jefferson Jsland is on the southeast side of Lake Peigneur about 
9 miles west of New Iberia, and may easily be reached from there by 
automobile. It is only a short distance north of Bob Acres, a station 
on the Abbeville branch of the Southern Pacific Railroad, which 
leaves the main line at New Iberia. 


HISTORY 


For many years this island was best known as ‘“‘Céte Carline,”’ which name 
was used as early as 1818 by Darby in his Emigrant’s Guide to the Western and 
Southwestern States.3 Later it was variously called Depuy’s Island, Miller’s Is- 
land, and Orange Island. The present name is after Joseph Jefferson, the actor, 
who for many years had a winter home there. 

In 1894 Mr. Jefferson let a contract for drilling a well near his home, and 
this resulted, early in the summer of 1895, in the discovery of salt at a depth 
334 feet. Three years later, eight holes were drilled to determine the form and 
extent of the salt mass. Only four reached the salt, and the work was discon- 
tinued. 

In July, 1919, C. J. Webre, under the management of Lawrence Jones and 
J. L. Bayless, of Louisville, Kentucky, drilled thirty-six holes and contoured the 
salt (Fig. 2). In October of the same year, these gentlemen organized the Jeffer- 
son Island Salt Mining Company and began sinking a shaft, which, however, 
was lost at the top of the salt. During the month of March, in the following 
year, another shaft was started, but owing to difficulties in sealing off the water, 
it was not completed until February, 1922. Some time was required to cut out a 
working space of sufficient size to permit operations on the scale contemplated 
by the management, and regular production was not under way until April, 
1923. Since then production has been continuous. 
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PHYSIOGRAPHY 


In reality Jefferson Island is not an island, since it rises from a 
nearly dry plain, but it is called an island because of its general re- 
semblance to the other members of the Five Island group. The area 
of the island is about 300 acres. It rises to a maximum elevation of 
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Fic. 2.—Map of Jefferson Island 
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75 feet above the plains and is of rather smooth contour, with the ex- 
ception of a wave-formed bluff, 30 feet in height, which faces Lake 
Peigneur to the north. This lake is about 2 miles long, and its depth 
is variously estimated from 15 to 30 feet. The plains surrounding the 
island are low, and since they are easily flooded, they are used for the 


cultivation of rice. 
GEOLOGY 


Surface.—In the bluff on the north side of the island the section 
shown in Table I is exposed.*t This is the only place on the island 
where gravel is exposed, clay and surface soil being found elsewhere. 


TABLE I 
SECTION ON NortTH SIDE OF JEFFERSON ISLAND p 
eet 
Surface soil, yellow clay darkened by organic matter.... 2 
Light yellow clay with limestone concretions........... 26 
(Srarviel Pep teasing esse eee ae Tota eee eaters ae 2 


Subsurface.—In the course of operations in connection with the 
exploitation of the salt stock, it was found that the overlying strata 
are predominately sand and gravel, with less important beds of blue 
clay. All are so lenticular as to mask any arching due to the upthrust 
of the salt. Cap rock was found in only a few holes and consists of 
18 to 24 inches of porous gray limestone. Three holes failed to en- 
counter salt, although drilled somewhat deeper than those that did, 
the deepest reaching a depth of 475 feet below sea-level. The strata 
penetrated are essentially of the same character as those overlying 
the salt. 

Through the exploration work by drilling, carried on during the 
year 1919, the form of the uppermost part of the salt stock was deter- 
mined to be as shown on the accompanying map. Judging from the 
general contour of the portion which has been mapped, it seems that 
the salt core probably extends some distance beneath the lake to the 


north. 
PALEONTOLOGY 


A number of fossils were found in the railroad cut on the north 
slope of the island, and these have been identified by W. C. Mans- 
field, of the U. S. Geological Survey, and W. B. Marshall, of the 
U.S. National Museum, as follows: 

Vivipara subpurpurea Say? 

Pleurocora near P. filum Lea 
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Quadrula pustulata Lea 

Crenodonta hers (Say) Ortmann 

Amygdalonsaias elegens (Lea) Ortmann 

Rangea cuneta Gray 

Erynia parva (Barnes) Ortmann 

Unionidae, fragments 

Of their age Mansfield says, ‘‘All the molluscan specific names of 
genera are represented in the Recent fauna. The horizon, as indicat- 
ed by the imperfect preservation of the fauna, probably is late Pleis- 
tocene or early Recent.” ‘As these could not have been deposited in 
their present position, they indicate that the mound was probably 
formed by a very late Pleistocene or post-Pleistocene uplift. 


SALT PRODUCTION 

The shaft enters the salt stock almost at its highest point, which 
is about 40 feet below sea-level and 100 feet below the surface of the 
ground. The shaft, which is circular in form, with an internal diam- 
eter of 25 feet, is walled with concrete and reaches a depth of about 
goo feet. It is divided into four compartments, and the salt is hoisted 
by an Allis-Chalmers balanced hoist with skips of 5 tons capacity. 

Mining is carried on by an adaption of the shrinkage system. A 
large undercut is made by drilling and blasting, the salt being loaded 
into cars by hand shoveling. Then slice after slice is blasted down, 
the fallen salt serving as a working floor, until the desired height is 
reached. In this manner large chambers 4o feet wide by 80 feet 
high are cut. The broken salt is loaded into cars by large electric 
shovels and then hauled to the shaft. 

The salt from the different stocks of the Five Island group varies 
somewhat in physica] character. That at Jefferson Island is particu- 
larly firm and shows very little tendency to shatter when struck with 
a hammer. It is also rather free of impurities and is on the whole of 
lighter color than the salt from the other islands. 


AVERY ISLAND 
LOCATION 
Avery Island is about 10 miles southwest of New Iberia and 3 
miles from the shores of Vermilion Bay. It was originally isolated 
by the surrounding marshes. However, as early as 1818 a raised dirt 
road or causeway had been built from the northernmost point of the 
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island to the mainland.3 Communication by water was greatly hin- 
dered by a bar at the mouth of Petite Anse Bayou. This was partial- 
ly overcome in 1880 by digging a canal from the lower part of the 
bayou across the marshes to the Gulf. In 1886 a branch of the South- 
ern Pacific was completed from New Iberia to the island. 


HISTORY 


This island was until recently best known as Petite Anse. Earlier names 
used were Thomas’ Island, Marsh’s Island, and Salt Island. 

That the existence of brine springs here was known to the aboriginal inhabi- 
tants long before the coming of white men is shown by a great deposit of potsh- 
erds and ashes, extending over an area of approximately 5 acres and in places 
nearly 3 feet thick. However, this work was long abandoned, and the Indians 
found by the whites knew nothing of the springs. 

The springs were rediscovered in 1791 by one John Hayes while hunting, 
and an attempt was soon made to use the water for the recovery of salt.s° In 
1812, due to the demand and increased value of salt resulting from the war, 
John C. Marsh, owner of the island, established quite an industry and by 1817 
was supplying to a large extent the demands of the settlements of Attakapas and 
Opelousas. However, the competition of imported salt eventually crushed the 
local industry, and operations ceased. 

Following the opening of the Civil War, salt became very scarce, and John 
Marsh Avery, the eighteen-year-old son of Judge D. D. Avery, owner of the is- 
land, and grandson of John C. Marsh, who built the old salt works in 1912, re- 
established the industry. The demand soon overtaxed the capacity of the 
springs, and it was decided that the salt wells be cleared and deepened. In the 
course of this work massive rock salt was found, which subsequently proved to 
be part of a great stock underlying the island. The date of this discovery was 
May 6, 1862. For nearly a year following, salt was quarried from a number of 
large open pits,°9 but on April 17, 1863, this activity was brought to an end by 
the destruction of the works by the Federal forces under General Banks.’ The 
amount of salt taken out during this period is variously estimated between 
10,000 and 30,000 tons. 

No further work was done until 1867, when Chouteau and Price sunk the 
first shaft, 8 by 8 feet in plan, and 83 feet deep, afterward increased to go feet, 
about 58 feet being in solid salt. Galleries 8 to 10 feet high and 25 feet wide were 
driven east and west. In 1870 Mr. Price died and Mr. Chouteau abandoned the 
mine. 

In 1879 the mining rights were leased to the Galveston Company, and in 
1880 they were transferred to the American Salt Company, which occupied 
Chouteau’s go-foot shaft and fitted up a mill for crushing the salt. The salt was 
mined by cutting chambers and cross-headings averaging about 4o feet wide 
and 25 or more feet high, pillars 40 feet in diameter being left to support the roof. 
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To secure transportation, a canal was cut across the marshes from a point near 
the mouth of Petite Anse Bayou to the Gulf. A tramway was built from the 
mine, and a short embankment was made across the marsh to Petite Anse Bay- 
ou, where a number of slips were dug. The salt was loaded into lighters and car- 
ried down the bayou to Vermilion Bay, where it was transferred to.schooners. 
This did not prove very satisfactory because of the cost of transfers and because 
the lighters and schooners frequently ran aground on the mud-flats and bars. 

In 1886 the American Salt Company was succeeded by the New Iberia Salt 
Company, which made arrangements with the Southern Pacific Railroad for a 
branch line from New Iberia. This was completed in 1886 and solved the ques- 
tion of transportation. 

The extreme irregularity of the surface of the salt was not fully appreciated 
by the companies first engaged in its mining. The galleries on the 9o0-foot level 
were driven under the false belief that there was a thickness of 40 or 50 feet of 
salt above them, and they soon approached the outer limit of the salt. Water 
commenced to come into the mine through the crevices and, once started, but 
little time was required for it to dissolve the salt and form larger holes. Thus the 
first sink hole was formed as early as 1883. Others soon developed, and the sand, 
water, and débris carried into the mine greatly interferred with mining opera- 
tions. First the eastern and then the western side of the mine was abandoned, 
and finally (1885) it was decided that the shaft be sunk 70 feet deeper. This 
additional depth, with the 8 feet required for the pump, made the total depth 
of the working shaft 168 feet. Work was prosecuted on the 160-foot level by 
driving galleries and crossways 80 feet wide and 4o feet high and leaving sup- 
porting pillars 60 feet in diameter. 

On July 1, 1893, Myles and Company, of New Orleans, obtained a sublease 
on the property. The water which entered the upper levels through the sink 
holes finally effected an entrance to the lower levels and caused that part of the 
mine to be abandoned in July, 1895. Operations were continued in the upper 
level till 1896, when the mines reverted to the Avery family by default of con- 
tract. 

In 1898 the Avery Rock Salt Mining Company was organized to carry on 
operations in the old mine and to sink a new shaft. Borings were made and a site 
was selected southwest of the old mine and beyond the limits of the old workings. 
After considerable trouble with water-bearing sands and gravels, the salt stock 
was entered at a depth of 54 feet. Profiting by the history of trouble with water 
breaking in, the new management sunk the shaft to a depth of 518 feet, thus 
getting well within the salt body. The shaft was completed in 1899 and is still 
in use. In the summer of 1922 a second shaft was sunk for ventilation. 


PHYSIOGRAPHY 

Avery Island is roughly oval in form, its greatest diameter, of 
about 14 miles, trending in a northwesterly direction. It is almost en- 
tirely surrounded by marsh land. On the east and southeast there is 
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a large cypress swamp. The western side is skirted by Petite Anse 
Bayou, branches of which run along the northern and southern sides 
and finally lose themselves in the marsh (Fig. 3). 
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Fic. 3—Map of Avery Island 


The maximum height is 152 feet above the marshes. The surface 
is extremely uneven. Several large ponds are present, some of which 
appear to be sink holes, probably formed by the removal of salt from 


THE FIVE ISLANDS, LOUISIANA 365 


beneath by solution; indeed, it may be that the general rough char- 
acter of the topography is due in a large part to the same action. 


GEOLOGY 


Surface.—Even before any considerable work by man, Avery 
Island presented more exposures of the materials underlying the sur- 
face than the other members of the group; with railroad cuts and the 
development of sink holes from mining operations, considerably 
more is exposed. 

While the island is mostly covered with a brownish-yellow loam, 
there are in the southern part numerous exposures of gravel. These 
are best seen on Cherry Hill and at the shaft. Sand and gravel from 
pits along the railroad track are used for ballast along a considerable 
portion of the Southern Pacific line. While this sand is of fairly good 
quality, the best is obtained near the mouths of the ravines, where 
the little clay contained has been removed by water. 

Sandstone outcrops along the sides of the ravine known as Iron 
Mine Run from the old salt mine almost to its head, where several 
small gullies branch off, and thence along a line running northeast- 
ward, almost to Willow Pond. As exposed, it is a fine-grained pink 
sandstone with scattered particles of hematite, but underground it 
is chocolate colored and in places it is rather coarse. The large sink- 
hole near the old mine extends 63 feet below the surface and affords 
an excellent exposure. The sediments here are almost entirely white 
and orange sands, with occasionally some gravel and masses of clay- 
ey sand. The true dip of the series is marked by cross-bedding, false- 
bedding, and landslides. 

In the northern part of the island there are numerous outcrops 
of a variegated chocolate, yellow, and green jointed clay, the most 
notable occurring on the northwest slope of Prospect Hill, on the 
western slope of Smith’s Hill, in the railroad cut northeast of Avery’s 
Station, and on both the eastern and western slopes of Residence 
Hill. False-bedding and cross-bedding render dip determination 
practically impossible. 

In one of the gullies at the head of Iron Mine Run there is ex- 
posed a bed of lignite. A shaft 30 feet deep was sunk in an attempt 
to mine this for local consumption, but the project was soon given 
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up. The bed was found to be 18 feet thick, and it is underlain by at 
least 85 feet of clay, as is shown by a near-by boring. The beds dip 
44° SE., and strike S.21° W. A boring 220 yards farther down the 
gully passed through the section shown in Table II. 

The sediments in this section are stratigraphically higher than 
the lignite, and the absence of the latter from the section, together 
with its dip as mentioned above, shows clearly that it dips down- 
ward against the salt. 

Subsurface.—The most important underground feature is the 
salt stock, which is overlain and surrounded by sedimentary strata. 
The areal extent of the stock has not been determined. A few drill 


TABLE II 


SECTION IN IRON MINE Run, Avery IsLAND 











Depth Thickness 

(Feet) (Feet) 
Fine ssandy. clay.soilsiy 0c ekon eee ewn ator een eeae eee o-4 4 
Very fine-grained, soft, pink, and drab or purple sandstone... 4-160 156 
Hard, coarse-grained, chocolate-colored sandstone........... 160-66 6 
White rock salt, lower limit not reached................... 166-1, 005 839 


holes were sunk in the vicinity of the mine to eliminate the possibili- 
ity of extending the workings out of the salt, but none of these were 
off the edge of the stock. This proved a comparatively small area, 
but the salt is believed to underlie the greater part of the island, since 
it is well established that, in common with the other islands of the 
group, this island owes its origin to the upthrust of the stock. This 
stock is the highest in the Gulf Coast district, the uppermost part 
being a few feet above sea-level and only 17 feet below the surface. 
Due to unequal removal of salt by solution, it is extremely uneven, a 
change in elevation of 80 feet in less than 200 yards having been 
observed. 

In a genera] way the salt mass resembles a schist, because of the 
streaked banding of light and dark salt (Figs. 4 and 5). In vertical 
section the streaks.are seen as parallel bands, the dark being 2 to 6 
inches wide, the light somewhat wider. In plan they are very irregu- 
lar, twisting, folding, and forming all sorts of figures within the mass. 
However, near the outer margins they are more or less parallel to 
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the walls. These facts, together with the elongated forms commonly 
exhibited by the individual salt crystals, indicate that the salt has 
flowed vertically, and affords rather convincing evidence that salt 
domes are due to intrusions of great masses of salt which are plastic 
under pressure. 

The salt is mostly white, hard, dry, and crystalline, the individ- 
ual crystals varying from % to } inch across and up to more than 2 
inches in length. The salt stands up well, and practically all can be 
shipped as rock salt, differing in this respect from the salt at Weeks 
Island, which shatters readily. The purity of the salt, even of the 
darker portions, is remarkable. These darker portions, so evident 
as streaks or bands, are not caused by any dark substance, but by 


TABLE III 


ANALYSES OF LIGHT AND DARK SALT FROM AVERY ISLAND 











Light Salt Dark Salt 








NaCl, icc cas set ganna eee 99.10 96.53 
IE O. Fe. Saar eee ee 0.10 0.20 
CaSO @ (soluble) seee eer eereer 0.33 1.05 
CasOM(Gnsoluble) sea ee eee 0.23 2.16 

99-75 99.94 





the absorption of light rays by minute particles of transparent an- 
hydrite. This anhydrite may easily be filtered from water in which 
dark salt has been dissolved. Analyses of light and dark salt are 
given for comparison (Table III).5* Other analyses of salt from this 
dome are given in Table IV.°° 

The only foreign material found within the salt core is a rather 
thin mass of tough red sandstone which extends vertically at least 
80 feet and along its strike a distance of 75 feet.55 It is extremely 
irregular in thickness, ranging up to 10 inches in some places and 
pinching out in others. Though tough, the rock is brecciated, the 
many small fissures being filled with salt. Under the microscope it 
is seen to consist chiefly of quartz crystals with a few fairly fresh 
feldspars. Some of the grains are well rounded, but others are angu- 
lar. Most of the quartz grains show evidence of strain, and there has 
been considerable secondary growth. The cement is chiefly silica 
and iron oxide. 
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The cement and secondary growth of the quartz grains indicate 
circulation of ferruginous and siliceous waters after the sand had be- 
come placed, and such waters could not have circulated through the 
salt mass without dissolving much salt and introducing much for- 
eign material. The rock must therefore have been cemented before 
it entered the salt mass. Also, its irregularity in thickness and verti- 
cal attitude suggest that it has been stretched out under pressure. 
It therefore seems to represent a fragment of sandstone picked up by 
the salt in its upward course, and there appears to be no way of as- 
certaining the formation from which it was derived. In general ap- 


TABLE IV 


ANALYSES OF SALT FROM AVERY ISLAND 











Chemist act | caso, | cach | Mgscl | meso, | Otter | Deter- 

Matter | whined 

julestatontaeemr ere: OF 02 cease toast taenat ees corel | hmasveee acted (staseemene!llamacraee 2.08 
186 \Wy dailepael, Soon aoa Coeyatetsre | etoneceronl |nineeKeern emeewo celled Hamu won ad ubocert ay 5 
RetemCollocteree emer vsraysys || Cuceyss || Co WAG |) C022 |laocacce 0.080 | 0.014 
DrgRiddlewere ae (Kemet I abhor Ieee I ene lo smacoadlacscéolacastee 
(CopAS | Goessinan erm 98.88 | 0.79 ELACE mM ura Cem arrears O83 3 am ee cers 
Coram Goessinannee eee LOS. Oomm|NON7 O20 LOn4OOMMOKOO3N|leereinE O23 35 Neamt 
osephylonesa aera OOROT7 a |RONsTS ae eer eerie OF0025|"OnOO3 mene Etre 
BWealayloteneeaeeter 98.71 LO 28 crACe wl OrOns ml Nereis Or O3)ilatosee 
DreDoremusee eerie 6040074|On720) lo aeramatel serena ©, HERS | CHORE) oo G00 c 
Gustavus Bode........ Oi). 22 |! CsOOZh |) OHO | ©sOU2 ecesaoclhecoacaslfaaccoce 





pearance it does not resemble any Tertiary rock in this district, but 
its red color suggests that it is Permian, for similar rocks are com- 
monly found in the Permian series of the Texas Panhandle. How- 
ever, such a correlation must not be too readily accepted. 

All the fossils found on the island are of Quaternary age. Since 
all the sediments overlying the salt in the southern part of the island 
seem to belong to the same series of sands and gravels as those in 
which these fossils were found, it appears that they are all of Qua- 
ternary age. The section passed through by the present shaft is 
shown in Table V. The clays found in the northern part of the island 
are soft, and it is believed that they also are Quaternary because of 
their close association with the gravels and the lack of any decided 
break between them. 

Normally, the beds overlying a salt stock are nearly flat or rather 
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gently arched. It follows, then, that the attitude of the strata in 
Iron Mine Run, where they are seen to dip down against the salt, is 
certainly normal. This is very probably due to slumping resulting 
from the solution of the salt, and bears out the idea that the general 
rough topography of the island results from this sort of action. 


TABLE V 


SECTION OF SALT-Mine Swart, Avery ISLAND 














* Depth Thickness 
(Feet) (Feet) 
SS LULA COAG O Ilyas een ere tet Pas Ser ay eS o-4 4 
Mello wsani dimen pny nee ereete nt Ann To aot 4-16 12 
Sandy clay and gravel (water line at 24 ft.).... 16-24 8 
Sandvandkaraveliterpeesey eral comets ein eerie, 24-54 30 
toe Leia Bmeeamin art tire sehen Meee Cre we ele aa 54- 


Three wells throw some light on the character of the sediments 
around the salt core. The section penetrated by the well near Sugar 
House is given in Table VI. This well clearly marks the eastern 
margin of the salt, since it penetrates both salt and sediments. 


TABLE VI 


ReEcorD OF A WELL NEAR SuGAR House, AvERY ISLAND 











Depth Thickness 

(Feet) (Feet) 
SUpEHICIAINd CLE Lisa seme eee a eetka teow sireae was 0-330 330 
RG Cie sal terre eres Pics aes ene geet notes tans tscskerserame eee Pes 330-2, 593 2,263 
Blue sand (some gas) (struck a log at 2,643 feet)....... 2,593-2,643 50 
IBRRCSEIS, Ce HaVole Ale A chordns drouace cutter carer oe See nonene a errs 2, 643-2, 663 20 
SA ee ere oe tect ra eR Maren: Eke Sache Man eaeckdatenerstions Bo: 2,663-2,727 66 
Rosia Oy Loe cull siecete. Waa dono Go oude Uomuine6 dase 2,727- 





A deep well by the railroad track near the north end of the island 
passed through the section shown in Table VII. 

Another well was drilled to a depth of 2,600 feet about { mile 
east of the second, but nothing new was found in the section. 

The sediments passed through by these three wells are similar in 
every particular, including the buried logs, to those now being laid 
down in this region, and accordingly are thought to be of Quater- 
nary age. This conclusion is further justified by the fact that the 
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wood, discovered at depths of 2,643 feet and 1,400 feet, is in a much 
better state of preservation than would be expected from any Ter- 
tiary lignite bed. 
PALEONTOLOGY 

Hilgard reports finding imperfect vegetable remains, shells of 
Paludina, and several species of Unio and a Cyclas on the eastern 
slope of Residence Hill. Of greater interest, however, are the verte- 
brate remains found in the sections exposed by the sink holes be- 
tween the old and new mines, where bone and pottery beds are 
found. 

The first notice of vertebrate remains on the island, according to 
Veatch, was given by Professor Joseph Henry in a paper before the 


TABLE VII 


RECORD OF WELL IN Nort Part or Avery ISLAND 














Depth Thickness 

(Feet) (Feet) 
Weellowishiclay ccs: acters pees secrete sic ranted: een en tae 0-500 500 
eNO ay aot a oOtEn sme eo me aon dae, sae enka ne 500-700 200 
Gray sand (water stratum at 1,000 feet)............... 700-1 ,000 300 
Hoy NSS Ou Sac Iss, Eyoyonop chem hye 6 Guuouodoauscucassoane I ,OOO-1 , 100 I0o 
Gray sand (logs passed through at 1,400 feet).......... I, IOO-I , 400 300 
Ls Pa ATSEEW ONG He cet pst enue neg pene Ao enone mtr on 4 cove eOM Ra I, 400-2 ,612 ih, Die 


Chicago Academy of Sciences, on the verbal statement of a Mr. T. 
F. Cleu, who contributed a specimen of basket work to the Smith- 
sonian Institute.2. Dr. Richard Owen, who visited the island in 
1865, mentions the occurrence of pottery, but says nothing about 
fossil vertebrates. In 1883 Mr. William Crooks, of the American 
Salt Company, presented to the Smithsonian Insitute a collection 
of bones obtained while sinking an air shaft. These were studied by 
Professor Joseph Leidy, who made them the subject of a brief com- 
munication to the Philadelphia Academy of Sciences in 18848 and 
of a detailed report published in the Transactions of the Wagner Free 
Institute of Science in 1889.4 In this he lists: 

Mastodon americanus 

Mylodon sp. cf. robustus Owen 

Mylodon harlani Owen 

Equus major De Kay 
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At about this time General Dudley A. Avery gave several bones 
to the Smithsonian Insitute, and one of them was identified as the 
claw of a Megalonyx. 

Probably the largest collection from this locality is that made by 
Dr. Joseph F. Joor in 1890 for Tulane University.’ These were stud- 
ied by Professor E. D. Cope,‘ who described two new species of My- 
lodon and expressed the belief that the teeth identified by Leidy as 
Equus major, De Kay, really represented a new species. The species 
recognized by him are: , 

Mastodon sp. 

Mylodon harlanit Owen 

Mylodon renidens Cope 

Mylodon sulcidens Cope 

Equus intermedius Cope 

To this list Dr. Joor adds, with some doubt, the remains of an 
Elephas. The bone bed is rich and might yield some good material 
to the careful worker. 

On the north side of one of the sink holes resulting from water 
entering the old mine, bones were found buried beneath about 17 
feet of sediments. The section exposed is as shown in Table VIII. 
Formerly about ro feet of salt was exposed in this section below the 
bone beds, but this is now hidden. 

According to descriptions, a fairly complete skeleton of a masto- 
don was unearthed in grading for the railroad embankment just 
south of the shaft now in use, but it was buried in the course of the 
work before being seen by anyone appreciating its value. A few bones 
which rolled to the foot of the embankment were later picked up by 
General Avery, and a piece of tusk about three feet in length was 
found by a workman. 

A few scattered bones have been found in Iron Mine Run a short 
distance above the old mine, but no determinations are available. 


SALT PRODUCTION 


The shaft now in operation enters the salt a few feet above sea- 
level. It is 21 by ro feet, 518 feet deep, and is divided into three com- 
partments, two being used for hoisting, the other for compressed air 
for power, electric wires, and ventilation. As at Jefferson Island, the 
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salt is mined by undercutting, breaking down the salt, and loading 
into cars by electric shovels. It is then haluled to the shaft by an 
electric locomotive. Formerly, galleries 30 feet wide by 60 feet high 
were worked, leaving pillars 30 feet square. Other sizes have also 
been used. The galleries now being driven are from 4o to 60 feet 
wide and 60 feet high (Fig. 6). 

Instead of using skips for hoisting the salt, the mine cars are run 
upon the cages and hoisted to the top floor of the mill, where they 
are dumped. The purity of the salt is such that no refining process is 
required. The salt is simply crushed, screened, ground, and win- 
nowed to drive off the fine salt dust which has a tendency to deli- 
quesce and cement together the larger grains. 


TABLE VIII 


SECTION IN SINK HOLE ON Avery ISLAND 

















Depth Thickness 
(Feet) (Feet) 
(Grayzsandyaloaimeyillt lupe DD Cstemreerr tnt (arses err ers o-7 7 
Brokentpotteryandrasiesase este ene te teeter Was I 
Dark-pray ‘Suton sxocracaststss eras t.cceedeometes Pela tratenaster ayse- anes S03. 5 Sa 
Fine black loam containing many grass roots.............. TA sigs ok 
Medium-coarse white sand grading into gravel............. I5-17.5 25 
Black to dark-brown, very hard, medium-fine gravel con- 
taining remains of vegetable matter, Mastodon, M ylo- 
Hips GING JOOP ISK otecoe eacsudovomouco eo oubRsse 17.5-19.5 2 


The total production of salt from Avery Island up until January 
I, 1924, was 2,578,379 tons, of which 1,866,163 tons were taken from 
the new shaft. The annual production for several years has been 
about 100,000 tons, that for 1923 having been 92,000 tons. 


WEEKS ISLAND 
LOCATION 
Weeks Island is 15 miles south of New Iberia and is on the east 
side of Weeks Bay, an eastern lobe of Vermilion Bay. Before the 
Civil War it could be reached from the mainland only by canoe 
through Weeks Bayou from Prairie au Large below New Iberia. 
The products of the island, of which sugar was most important, were 
shipped by shallow-draft schooners which could enter the bay. Dur- 
ing the war, or shortly afterward, a raised dirt-way was built to the 
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mainland. A road is maintained over this, and the island may be 
reached easily by automobile from New Iberia. A short track from 
the Cypremort branch of the Southern Pacific, leaving the main line 
at Baldwin, also goes to the island. 


HISTORY 


Previous publications® on this island have called it Grand Céte, but as it is 
at the present time best known as Weeks Island, it is so called in the present 
writing. 
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Fic. 6—Mine Map, Avery Rock Salt Mining Co., Avery Island, La. 











The discovery of salt on Avery Island in 1862, and the high price of salt at 
that time, caused a few wells to be dug in search for salt on Weeks Island, but 
without success. Following this failure no further work was done until after the 
discovery of salt on Jefferson Island in 1895 and on Belle Isle in 1896, when Mr. 
F. F. Myles undertook the exploration for salt in a more systematic way. In 
March, 1897, with Mr. N. Conrad in charge of the drilling, he started the first 
hole near the sugar house. Salt was struck in the fourth hole at a depth of 276 
feet, July 25, 1897. About this time Captain A. F. Lucas, later of Spindletop 
fame, was put in charge. In all, fourteen holes were drilled in the preliminary 
examination, several of these running into the salt. In 1898 the Myles Salt Com- 
pany was organized and fourteen additional holes were drilled to determine the 
best location to begin mining operations. A shaft was started in July, 18098, 
best location to begin mining operations. A shaft was started in July, 1898, over 
the highest point on the salt stock. One hundred feet of sectional cast-iron tubu- 
lar casing 10 feet in diameter were used in sinking to the salt. Because of trouble 
with water, nearly three years were required to sink the shaft into the salt and 
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make a perfect seal. A rectangular shaft was continued to a depth of 645 feet 
below the surface. Production began in March, 1902, and has been practically 
continuous up to the present time. 


PHYSIOGRAPHY 


Weeks Island is nearly circular in outline and is about 2 miles in 
diameter (Fig. 7). On the three sides away from the bay, which lies 
to the west, there is a great sea marsh. The island rises to a maxi- 
mum height of 135 feet above sea-level, and the surface is very un- 
even, partly due to dissection and partly to slumping resulting from 
salt below being dissolved and carried off in solution; bonds and 
small lakes represent modified sink holes. 

The Devil’s Backbone, the principal topographic feature, occu- 
pies the central part of the island and has a general trend a little east 
of north. The slopes of the gullies on either side are almost vertical 
and from 20 to 60 feet in height. 


GEOLOGY 


Surface.—Nearly the whole of the island is covered with a brown- 
ish-yellow loam, but in places, notably in the sharp gullies on the east 
side of the Devil’s Backbone, the upper stratum of clay has been cut 
through so as to expose underlying sands and gravels. Toward the 
southern part of the ridges there are ferruginous sands. These con- 
tain chert pebbles and an occasional interstratified bed of sandy gray 
clay. The whole mass has been so tilted that the planes of stratifi- 
cation dip in various directions and at different angles. Springs are 
common on the northern slopes of the island. 

Subsurface-—The contour of the top of the portion of the salt 
stock underlying the western part of the island has been determined 
by drill holes and is shown in Figure 7. The portion in the vicinity 
of the shaft is shown in more detail in Figure 8. The highest point 
on the salt is 46 feet below sea-level. The surface of the salt core is 
very irregular, no doubt due to the removal of great quantities of salt 
by circulating water. As at Avery Island, this is indicated by the 
variation of dips in overlying strata which would otherwise be hori- 
zontal or only gently flexed. 

The salt core is in most other aspects very much like that at 
Avery Island. The salt has the same remarkable purity, the same 
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crystalline structure, and there are the same vertical streaks, the 
darker being due to inclusions of anhydrite. There is, however, one 
notable difference: whereas the salt at Avery Island is remarkably 
hard, that from Weeks Island shatters readily under the blows of a 
hammer. There are also horizontal lines of weakness along which the 
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salt breaks as though stratified. These are thought to result from 
pressure. The sections revealed in exploring the salt core show little 
variety as to the character of the sediments overlying and surround- 
ing the stock. There is commonly a surface layer of clay from a few 
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Fic. 8.—Map of Vicinity of the Mine, Weeks Island 


inches to 30 or 4o feet thick, followed by sand and gravel down to the 
salt. In a few of the wells beds of lignite from 3 to 5 feet in thickness 
were found just above the salt. Blue clay was also met with in some 
of the wells. The shaft passes through sand for the most part, with 
an occasional streak of gravel, and a 6-inch stratum of clay just 
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above the salt. As at Jefferson Island and Avery Island, no impor- 
tant cap rock has been found in any of the numerous test holes. 


SALT PRODUCTION 


The mine on Weeks Island was opened and is still operated by 
the Myles Salt Company, of New Orleans. After lowering a cast-. 
iron joint casing 1o feet in- 
to the salt mass, the shaft 
was continued downward 
for 35 feet, the cylindrical 
form being maintained. 
The shaft is lined with wood 
lagging. Surrounding this 
there is a wall of concrete 
t foot thick. Then at fairly 
even intervals there ‘are 
four rings of asphalt from 
3 to 5 feet in height and 
with bases 2 to 3 feet thick. 
Moreover, the surface of 
the salt was heated by hand 
torches and painted with 
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same manner as at Jeffer- Fic. 9—Mine Map, Myles Salt Co., Ltd. 
son Island and at Avery Weeks Island, La. 


Island (Fig. 9). The salt is 
blasted down, loaded by compressed-air shovels into cars, and hauled 
to the shaft by electric locomotives. At the shaft the salt is passed 
through a crusher and falls into a bunker from which it is drawn 
into a s-ton skip. Although the system is not balanced and but one 
skip serves the mine, the hoisting capacity is about 750 tons per ten- 
hour day. 

Because of the incoherent nature of a large part of the salt, a 
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greater percentage is crushed here than at the other mines. The mill 
is provided with automatic machinery for filling boxes with table 
salt, making, filling, and sewing bags with salt, etc. The salt is 
crushed and sorted to various degrees of fineness, including the finest 
powder, table salt, coarser grades for packing, and large chunks for 
cattle. 

The total production of the mine from the time when it was 
opened in 1902 until the present is 2,047,308 tons. The past few 
years have been the most successful, the production for 1923 having 
been about 170,588 tons and that for 1924 about 200,000 tons. 


EXPLORATION FOR OIL 


About twenty years ago three wells were drilled a short distance 
from the island west of Shell Heap. These reached depths around 
1,200 feet, but without finding even a trace of oil. More recently a 
hole was drilled to a depth of goo feet on the east shore of the island 
northeast of Sugar House, but no indications of oil were found. 
In exploring the salt stock, a hole 919 feet deep was drilled on the 
edge of the island west of the shaft without striking salt. No trace 
of oil was found in this hole. 


COTE BLANCHE 
LOCATION 


Céte Blanche is on Céte Blanche Bay in the western part of St. 
Mary’s Parish. It is about 20 miles by straight line south of New 
Iberia, although by the automobile road the distance necessary to 
travel to reach it is considerably greater. In common with most of 
the islands of the group, it is nearly surrounded by marshes but is 
connected to the mainland by a raised dirt-way. 


HISTORY 


As far back as 1862, immediately after the discovery of salt on Avery Island, 
shallow pits were sunk here in a search for salt, but without success. However, 
it was still believed that there was a body of salt beneath the island, and from 
time to time various attempts were made to find it. In 1919 the Cecil Rhodes 
Company drilled six holes in the northeastern part of the island and then gave 
up the project. 

In the spring of ro2r the Southern Salt Syndicate was organized, princi- 
pally of business men from New York, Philadelphia, and New Orleans, for the 
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purpose of finding and mining salt on the island. Drilling began in June, the 
work being carried on under Mr. C. J. Webre, of New Iberia, who was also a 
director in the company. Salt was soon found, and by June, 1922, fifty-four 
holes had been drilled and the contour of a part of the upper surface had been 
pretty well determined. Since the uppermost part lies two hundred and ninety- 
eight feet below the surface and two hundred and ninety-seven feet below the 
water-level, rather serious difficulties would be met with in sinking a shaft. For 
this reason, and also because of certain difficulties which have arisen over leases 
with land-owners, no attempt to mine the salt has vet been made. 


‘ PHYSIOGRAPHY 

Céte Blanche is nearly circular in form and rises to an elevation 
of about too feet above sea-level (Fig. 10). While resembling both 
Avery Island and Weeks Island, it is much less rugged, smooth slopes 
being common and steep-walled ravines entirely absent. There is, 
however, a wave-formed bluff on the south side which is about 50 
feet high. East of this bluff a long arm of sea marsh runs into the 
island. Rising abruptly from this is Oak Hill, the summit of which 
is the highest point on the island. 


GEOLOGY 

Surface.—Because of the smooth contour of the island, very little 
can be learned of its geology from a study of the surface, which is 
covered for the most part by a brownish-yellow loamy clay. At one 
point near the northeast end of the island a gully exposes a rather 
clayey sand with gravel scattered through it. In the sea cliff on the 
south side of the island there is exposed a section which is given, in 
descending order, in Table IX. 


TABLE IX 
SECTION ON SOUTH SIDE oF Cé6TE BLANCHE 

Feet 
Light-yellow clay containing some lime................ II 
Green Or Dims -onCeM Claeys > oer rls eles = -fus ele -tsiels I 
Reddish clay with limestone concretions............... 7 
Fine red silt with thin clay partings every 6 inches..... II 
Bracticallvather samenwitmaOKe Clava. cies ren stetets lane) 15 
(GCitvaRinavallony-GENk no cncoanancono Sogou Ubecdoon Dod 2 


Near the west end there is a fault, with downthrow to the north- 
west, which would seem to be due to slumping resulting from the so- 
lution of salt from below. 
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Subsurface.—The uppermost part of the salt dome, as determined 
by the numerous holes which have been drilled on the island, is 
shown in Figure ro, but this probably represents only a small portion 
of the entire mass. The evidence of slumping, as afforded by the 
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faults in the sea cliff, certainly suggests that the salt stock extends 
nearly to the southern boundary of Céte Blanche. Wood Lake may 
be a sink hole resulting from the same cause. 

The general conception that the islands were uplifted by intru- 
sive masses of salt and that, therefore, salt underlies the greater part 
of each of the islands leads us to believe that it also extends beneath 
the northeastern portion of this island, where several holes failed 
to reach salt. Very likely deeper drilling would have been more 
successful. , 

The sedimentary beds overlying and surrounding the stock, so 
far as has been determined by drilling, are of the same general char- 
acter as those associated with the stocks at Jefferson Island, Avery 
Island, and Weeks Island. They are almost entirely lenticular sands 
and clays which vary so greatly in thickness within short distances 
that exact correlation is practically impossible, and any dome struc- 
ture which they might possess is completely masked. Only small 
lentils of cap rock from a few inches up to 4 feet in thickness have 
been found. 

The holes drilled to outline the salt show conclusively that no oil 
occurs above it, but no hole has tested the possibilities of finding oil 
around the periphery. However, all of the island is under lease, some 
of it being in the hands of strong companies, and no doubt will some 
day be tested. 


DEVELOPMENT 
The development of the mineral resources of the island has not 
been carried beyond the prospecting stage. 


BELLE ISLE 
LOCATION 
Belle Isle lies about 8 miles from the mouth of Atchafalaya River 
near its intersection with Myrtle Bayou, a distributary. It is isolat- 
ed, being surrounded by a network of bayous and a great sea marsh, 
but can be reached by boat from Morgan City, a town on the South- 
ern Pacific Railroad about 15 miles to the northeast. 


HISTORY 


The discovery of rock salt in drilling for artesian water on Jefferson Island 
in 189s and the increasing difficulty of mining salt on Avery Island, due to water 
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in the mine, led to explorations for salt on the other islands of the group. In 
November, 1896, Captain A. F. Lucas began operations on Belle Isle. In Decem- 
ber salt was found in the first test hole at a depth of 373 feet. In 1897 and 1898 
the Gulf Company bored thirteen additional holes, and in August, 1898, started 
a shaft on the site of hole No. 11, where a sill of salt was found at a depth of 103 
feet and a solid mass at 140 feet. The shaft was sunk to a depth of 390 feet. 
A heading was then driven eastward a distance of 340 feet, when water rushed in 
and rose in the shaft to sea-level within two hours.‘° 

A second shaft was started at a distance of | mile southwest of the first, 
but trouble with quicksand and soft clay was encountered from the beginning. 
In spite of strenuous work and attempts to freeze the soft materials, the work 
had to be abandoned after a depth of about 200 feet had been reached. Salt was 
then raised by pumping it as brine. In this manner several thousand tons were 
obtained, but, owing to the fact that the salt at this locality is impregnated with 
oil, it was found difficult to crystallize it, and it was also left with rusty stains. 
The unconsolidated character of the overburden permitted the escape of brine, 
and caving was threatened. It became evident that this process would reduce 
the island to sea-level, and it was abandoned. 

In 1906 the New Orleans Mining and Milling Company took over the prop- 
erty and drilled two wells near the north end of the island in an effort to find oil. 
Although the deeper of these reached 2,411 feet and is less than 1,000 feet north 
of the old mine shaft, it failed to find salt, indicating that the northern face of 
the stock is very abrupt. This well reported good showings of gas and oil be- 
tween 1,396 and 2,989 feet, but no commercial accumulations were found. 

During 1907 and 1908, I. N. Knapp drilled three wells on the island, the 
northernmost of which, No. 1, close to the first shaft, entered salt at about 140 
feet and continued in it to 3,171 feet. 

During 1916 and 1917, under the stimulus of the demand for sulphur for 
war purposes, a syndicate of New York capitalists was organized to explore the 
island. Under the direction of Captain A. F. Lucas, six wells were drilled. In 
the course of this work the salt mass was found to be of greater extent than was 
previously thought. A narrow belt of impure sulphur-bearing rock was found - 
extending across the northern part of the island, but it was not considered of 
sufficient importance to warrant exploitation, and work was discontinued. 

In June, 1921, the island was taken over by the Union Sulphur Company. 
Seven test holes have been drilled and an eighth is now under way. 


PHYSIOGRAPHY 
Belle Isle is a rudely triangular area with a single range of hills 
along its northwest side (Fig. 11). This range culminates in four 
peaks, the highest of which, Lookout Hill, on the westernmost point 
of the island, is 80 feet high and is a landmark visible for miles from 
the surrounding marshes. The other high points of the range are 
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Green Tree Hill, Bald Hill, and Shaft Hill. The rest of the island is 
a gently sloping, slightly elevated area which extends southeast- 
ward from the hills. Willow Pond is a shallow, wooded, fresh-water 
pond almost in the center of the island. 
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Fic. 1r.—Map of Belle Isle 


GEOLOGY 


Surface.—With the exception of a small area on the eastern side 
of Shaft Hill, the island is covered with unconsolidated Recent sedi- 
ments, the surficial layer generally being a grayish-yellow to yellow- 
ish-brown clay. This is commonly underlain by a thick mass of sand, 
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but the beds are lenticular and in some localities the sand is inter- 
bedded with lenses of clay, gravel, and shale. The surface clay is 
particularly well developed on the western part of the island. South 
of Willow Pond there are several springs, and although this patch of 
gravel is well elevated above the sea marsh, it is covered with salt 
grasses. Formerly a spring south of shaft No. 1 yielded small quan- 
tities of oil. 

On the eastern slope of Shaft Hill there are small outcrops of a 
gray, iron-stained, rather soft, broken limestone which contains 
small amounts of galena and chalcopyrite. It is best exposed in a 
number of pits dug in looking for stone suitable for jetty work. 
About 150 yards northwest of the limestone outcrop there is a sand 
_ pit in which is exposed the section shown in Table X.° 


TABLE X 
SECTION NEAR SHAFT Hitt, BELLE IsLE 
Thickness 
(Feet) 
Darkehumnus-stainedecla yaw rr renee ete Titan 0.5 
Mottled gray to yellowish-brown clay.............. 2 
Mottled gray and brown clay grading downward into 
fimelyslaminatedecrayvacl ayant e neers 4-7 
Massiverdank-ora vacancies ener I 
Blacksclayawithesonie jpclt Cerise erat ee tear I-3 


Dark conglomerate containing invertebrate remains 0.7 
Irregularly bedded brown to white sand with clay 
pocketsrandetracesror Sulphate eet 25 


These beds strike approximately N.75° E. and dip 23° NW. The 
fossils in the dark conglomerate bed are all species represented on the 
Gulf Coast today. It is therefore clear that the latest movement in 
the salt mass has been very recent. 

Subsurface.—Such information as is available shows that the 
subsurface geology of Belle Isle is of greater complexity than that of 
the other members of the group, and although considerable explora- 
tion has been done by drilling and shaft-sinking, our present knowl- 
edge is insufficient to permit of satisfactory description. 

Salt.—The form of the upper portion of the salt stock is very 
irregular. The results of the first wells by Lucas and the Gulf Com- 
pany suggest that the topographic ridge along the northwest side 
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of the island reflects the salt core as to both size and form. While this 
is true in some degree, the more recent Syndicate and Union Sulphur 
Company wells show that the salt core is much larger than was for- 
merly believed, for it certainly extends southward to Belle Isle Lake 
and very likely beneath it for some distance (Fig. 11). 

The salt occurs in several forms: large transparent crystals 1 to 
8 or more inches long, either in the salt stock proper or scattered 
through dark-colored clay associated with the upper part of the salt 
mass; smaller crystals in masses having the appearance of coarse 
crushed ice or inclosing pieces of dark clay, which gives the salt a 
dirty earthlike appearance. Gypsum crystals are occasionally found 
with the large salt crystals. 

TABLE XI 


ANALYSES OF LIGHT AND DARK SALT FROM BELLE ISLE 











Dark Salt Light Salt 





Sodtumrchlonde msec. te ees iey. een te ee ete 92.750 96.405 
Calcinmysulphate(soluple)eererie sari eee leer cena: 3.051 
IMEennieiativoa ololyatse oan Age oem boe heap oho Oeda oe aaein onl abalone na 4 .O74 
IMacnesinmnycanboualenas ae erty ee acridine eerie eis oe Doe listens em te 
‘Srovoliniaab (cede Ae wan 5 ARRAS a eS mono a Ce OrO et coro Dee ROO 7am |e ters 
Sovaluin Guth OEM tee wis ayn an an Arh Gens Ue OOM s piinian Hee rar BeOS | Bera tonasinns 
Calcium carbonatetcns< te eer ee che Me oe ees BGOd eal erate cet 
@alcium chlorides ere tener oa Or eine ee re cara aa 226 
Ferric and aluminic oxides (Fe:O, and Al,O;)............... . 500 .025 
Imsolwple matters ec errs ac cmisuieicn i tcestat ert oto nis) suntan coors, 3325 .059 








Unlike that at the other islands, the salt at Belle Isle is very im- 
pure when first struck, but its purity seems to increase with the 
depth. The dark, impure salt somewhat resembles the dark streaks 
of salt at Avery and Weeks Islands, and upon analysis is also found 
to contain anhydrite. In addition, it contains some gypsum and 
traces of oil. The difference in chemical composition between the 
light and dark salt at Belle Isle is shown by the analyses given in 
Table XI” 

The salt mass is overlain and surrounded by sands and clays sim- 
ilar to those found on the other islands. Associated with them, and 
with the salt, are other materials which have not been found around 
the other domes of the group. Of these sulphur, barite, galena, 
sphalerite, pyrite, chalcopyrite, and oil are the most noteworthy. 
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With the exception of sulphur, these were all found in sinking the 
first shaft. The section passed through is as shown in Table XII. 

The white limestone in the salt near the bottom of the shaft is 
different from any other yet reported in the Gulf Coast district. It 
resembles chalk and is composed of extremely small, rounded grains, 
like those in an oélite except that they are much smaller. 

Oil and sulphur.—A number of test holes drilled on the island 
have encountered oil showings, sulphur rock, and the top of the salt 


TABLE XII 


Section oF MINE SHAFT ON BELLE ISLE 











Depth Thickness 








(Feet) (Feet) 
(GER Gite pace nee moe ene ORR aa Amro Oo nc. ap mas B o-4 4 
Hard: sand! y.isne setae: qniescier cise on oes weleeMuasctay oma eres 4-13 9 
lve Claiyg i ccccaetoeine seats eres one eames ene pmlepeserrse aaa 13-30 7) 
Bltevelaysand:sdidivese sees ccm eee nin neuer tekecs eer eee 30-40 ato) 
Hardiclaydndsorvavielter ster sateen: samen drs 40-63 23 
Blue clay with crystalline masses, 1 to 7 inches in diameter, 
of barite, galena, sphalerite, pyrite, and chalcopyrite. . 63-68 5 
Bluerclayandsshell si eee een oe seg eek toe 68-95 27 
impuresblackline stone cand batitenne nna tenet tartan ee 95-96.5 ers 
Blue clay with masses of barite near the base............. 96. 5-103 Ons 
Darkiclay withlarsevcrystals ofsalt=eeeee eer ene: 103-16 13 
Darksclay=watlis oleae ns hace e seat sere cat ene cnt beret 116-17 I 
Saltawithidark:clayeuue-e- cite eee eenttae omer ene 117-42 25 
Hiscolored:salltey eke meres Sree ee eer ae re eee 142-62 20 
Wihitedimestomem we ten keer et rate cao eee ae eRe 162-62.7 Ont 
Ditty Salis puribysincreasin ca wit oie Uiawiss nite eee 162.7-75 T2n3 








stock. A summary of the results as regards these materials is given 
in Table XIII." 

It is of interest to note that Knapp No. 2 reports 590 feet of 
gypsum, anhydrite, and sulphur immediately above the salt, and that 
Lucas No. 2 passed through 60 feet of sulphur rock at the same hori- 
zon. These two wells must have encountered the sulphur deposit at 
its maximum thickness, for Syndicate Nos. 3 and 4 found only 5 feet 
of sulphur rock, and Nos. 1, 5, and 6 found practically none. Al- 
though Knapp No. 1 and Gulf I report sulphur, the results of later 
drilling show that in neither case could there have been any great 
amount. It is therefore clear that the sulphur deposit is of very lim- 
ited extent (Fig. 12). 

Knapp No. 1 is of particular interest because of the oil showings 
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found at several horizons. This well entered the salt at a depth of 
140 feet and continued in it to 3,171 feet. In the last 600 feet several 
occurrences of limestone, sand, anhydrite, sulphur, and oil were 
noted. A canary-yellow oil of 37° Baumé was found a short distance 
above the salt, at a depth of 125 feet. The well also encountered gas 


TABLE XIII 


SUMMARY OF EXPLORATIONS ON BELLE IsLE 























+ 
- |e 
6 oD 
Name 4 |38 | oi Showings at (Feet) Sulphur Rock at Bate : pk 
a 15S ees (Feet) | (Feet) 
SS )a 
sea Sree cele oe ee i Ra emo Fore al eo ac entys pee cies) a eines 590 
WiCasere on, ce one | 13 Traces 276 335| 410 
IFUCAS enc eac te vane 3 7 I1O0-25 *T10-25 135| 170 
NUCASerue Stee ee eee 4 g RASA 7S *7 25-275 B25 ane 
Gulls Shantn tee eee I q 116-17 none II7| 326 
(Gaull Singhs. Segocebore 2 5 none? 16.0-190 2T0| 1096 
Gulipsianiteete eee Ee ees none BUCO n  i\acantees 420 
Gulfishait-. eee I | 20 |303, 940, 985, 256-85, 870, I, 206/1,545/2,450 
1,080, 1,105, 1,202, 
1,365, 1,370 
(Gil Slnebies 6 oo woane ce a ee none NOVNS Were 600 
New OrleansiManine Gosmeon le Bee [aig rt soe crx si[ir.,ce cose fey orstacie | Seen 1,740 
New Orleans Mining Co.| 3 |... .|/1,396, 1,506, 1,584, TOC) meee eee 2,411 
2,190, 2,270, 2,389 
Usa 010) 5 Wate eee Orcas i |2---|148, 160, 1,850-|"545-50,2, 000-20] 150\3),172 
1,965, 2,100, 2,190, 
2,500, 2,722, 2,000 
KAD Duteree eee tokens BON eee 390 290-880 880] 890 
Kia Pee eeieacie cise. Baler e none none 550} 800 
VALGLCA EG Aiaranee ee cree cere Teale, none OUCH NE etllrsitets 481 
DVAGICALCH me oh cic Pe | eee 246-81 23 Oa A | eee 341 
SWiadicate na cue seen Filla none 391-96 445| 506 
alMieatieauseveuna cetcerse Piva lbs rate 320-499 AOA—00, “SOS—750 |... 4) 7s 
SVL LGA Cane aeaey ape ee | rere none none 490] 534 
SWNGICHiCr ce ste nese are a ee none *4T5—505 505| 545 























* Trace only. 


at several places in the salt, and dark-red oil of 37° Baumé in the 
salt from a depth of 1,500 feet to the bottom of the hole. For the last 
300 feet this well labored very hard on account of heavy gas pressure, 
and was abandoned at a depth of 3,171 feet. Oil was also found in 
Gulf I. This oil is very light-color and so pure that it has been suc- 
cessfully burned in lamps without refining. There is also some gas. 
Although there seems to be but a small flow when allowed to escape 
freely, it has developed a pressure of 1,000 pounds per square inch 
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when shut in. Knapp No. 2 is also interesting, as small quantities 
of very light oil can be obtained from it even at the present 
time. 

Of the eight holes put down by the Union Sulphur Company, 
only a few are of any particular interest. In No. 2, drilled a short 
distance from shaft No. 1, soft limestone was found from 300 to 
320 feet. Below this there was about 80 feet of soft material con- 
taining limestone and gypsum. It is reported that some sulphur was 
also present. From 4oo feet to the bottom, 2,200 feet, the hole was 
in massive salt which was fairly clear except for numerous black 
specks resembling pepper. Wells Nos. 3 and 7 are said to have en- 
countered the same mass of limestone and gypsum, with some sul- 
phur, found in No. 1. No. 4 was drilled to a depth of 3,900 feet and 
was in shales and clays, with some beds of sand, practically all the 
way. No. 5 also found lime, gypsum, and a little sulphur. 

Any prediction as to the future of Belle Isle as a producer of oil 
or sulphur would be hazardous. However, the high gas pressure and 
the oil so commonly found within the salt body itself would seem to 
indicate that there is a pool of oil somewhere in the immediate vicin- 
ity. 

Structure.—The dip of the beds penetrated by the drill on the 
northwest side of the island is away from the island, and therefore 
conforms to the structure generally recognized as typical of salt 
domes; that is, it appears that the salt has been thrust up through 
sedimentary beds, upturning them immediately around its peri- 
phery. The older beds found on the north side of the ridge immedi- 
ately above the salt are not found on the south side, evidently be- 
cause this is toward the interior and represents what was once the 
higher part of the island, and the beds have been removed by erosion. 
It is of particular interest to note the recency of the movement, as 
evidenced by the tilted beds containing Recent shells described on 
another page. 

PALEONTOLOGY 


The fossils from the sand-pit section are poorly preserved, but so 


far as they can be identified, they represent a cold-water fauna quite 
different from the warm-water fauna of the Pliocene.®° Veatch has 
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called attention to their resemblance to some phases of the Chesa- 
peake Miocene, but expresses the belief that they are Pleistocene, 





Belle /3/a 





Cslcareous rock, OVE Ges, } 
Salt rock/magretite uncertain) 


3000 Ft. afer A.F Lucas 


Fic. 12.—Belle Isle—Sections 


392 FRANCIS EDWARD VAUGHAN 


which view obtains at the present time. The following is a list of 
the species: 

Ostrea virginica 

Lithopaga, cf. caudigera 

Scapharca transversa 

Gnathodon cuneatus 

Dosinia sp. 

Cardium muricatum 

Corbula sp. 

Mactra sp. 

Venus cancellata 

Semele truncata 

Fulgar canaliculatum 

REMARKS 

One of the most important problems presented by the Five Is- 
lands is the nature of the sediments surrounding the salt stocks, par- 
ticularly with reference to the depths at which the various Tertiary 
formations lie and the possibilities of finding oil. At Avery Island a 
log was found at a depth of 2,643 feet in such a state of preservation 
that it could hardly be older than Quaternary. There is no conclu- 
sive evidence here, nor at the other islands of the group, of the depth 
to the youngest Tertiary rocks, although the occurrence of oil at 
Belle Isle suggests that they are probably within reach of the drill. 

The depths to which the salt masses extend have not been defin- 
itely determined, but if the salt is of Permian age it seems to indicate 
at least 10,000 or 12,000 feet. At the Humble dome in Texas, the 
salt core was penetrated by the drill, proving more than 4,000 feet 
of solid salt with no indication that the bottom was being ap- 
proached. It therefore seems almost certain that the salt cores be- 
neath the Five Islands extend to depths exceeding 5,000 feet, and 
they may extend to depths of 10,000 or even 15,000 feet. 

Besides being interesting in themselves, the Five Islands deserve 
special attention because of the light they throw on some of the more 
general problems presented by the Gulf Coast salt domes. 

Nowhere else in this region do we find such convincing evidence 
of the intrusive nature of salt stocks as at Avery and Weeks Islands. 
The elongated crystals of salt, the nearly vertical bands in the salt, 
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and the parallelism of these bands in horizontal section to the periph- 
ery of the salt indicate that the salt has come to its present position 
by flow. The mass of tough red sandstone within the salt stock at 
Avery Island is further evidence of this for two reasons: first, its 
long-drawn-out, irregular form, with considerable shattering, is most 
suggestive of flow; second, its lithological] character is altogether dif- 
ferent from that of the rocks surrounding the stock, and it must there- 
fore have been brought to its present position from elsewhere, pre- 
sumably from below. This rock also suggests the age of the salt, for 
it closely resembles certain Permian rocks in the Texas Panhandle, 
even in such details as fineness of grain, secondary growth around 
the quartz grains, and coloring matter. Furthermore, such rock in 
the Texas Panhandle is often associated with great beds of salt. 
This evidence, of course, cannot be considered as conclusive, but it 
is certainly suggestive. 

The origin of the cap rock above the salt in the Gulf Coast is a 
matter of some controversy, but there seems to be little doubt that 
the cap is in part the residue left by the solution of the upper portion 
of the salt plug. At Jefferson Island, Avery Island, and Weeks Is- 
land, where the salt is rather pure, there is practically nothing that 
can be called true cap rock. Very little is known about either the pu- 
rity of the salt or the nature of the cap at Céte Blanche. At Belle Isle 
the salt is impure and there is considerable cap rock present, and the 
cap-rock material is essentially the same as the impurities in the 
salt. Besides impurities scattered through the salt, there are within 
the salt mass itself beds of limestone, gypsum, and anhydrite. The 
solution of a mass of salt, leaving behind such beds, and a concen- 
tration of the scattered impurities would certainly result in a heavy 
cap rock. While much of the cap-rock material would retain its 
original character as a bedded deposit, it would all, in reality, be the 
residue from the dissolved salt. Even such heavy cap-rock masses as 
that at Spindletop could easily result in this manner. 

The Five Islands present considerable evidence of recent uplift. 
The elevated position of Recent fossils at Jefferson Island shows that 
the island was probably uplifted in very late Pleistocene or post- 
Pleistocene time. At Belle Isle recent uplift is evidenced by beds 
containing Recent fossils dipping at an angle of 23°. None of the is- 
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lands shows any evidence of elevated beaches, although they are at 
tide-level on a coast of recent emergence. Consequently they must 
have attained their present elevations since the most recent general 
uplift of the Gulf Coast. 

Perhaps every geologist who has worked in the Gulf Coast dis- 
trict has made some attempt at determining tectonic lines along 
which the salt stocks have risen. With perhaps but one exception, 
every line proposed has been disputed by evidence quite as con- 
vincing as that by which it was supported. The one exception is the 
line of the Five Islands. The islands lie in practically a straight line. 
Also, they are very much alike; in fact, every member of the group 
resembles every other member more closely than it resembles any 
other dome in the entire Gulf Coast district. This statement covers 
a great deal, including the fact that they have all been recently up- 
lifted. It would therefore seem that the Five Islands do mark the 
position of a tectonic line. 


COMPARISON OF FIVE ISLANDS WITH THE GREAT SALT 
DEPOSITS OF THE WORLD 


In thickness and purity the salt masses beneath Jefferson Island, 
Avery Island, and Weeks Island easily outrank any others known in 
this country. In Europe the famous Strassfurt deposits, of Permian 
age, show only 685 feet of pure rock salt. The salt wells in strata of 
the same age at Sperenberg, near Berlin, pass through about 3,800 
feet of rock salt. The famous Wieliczka deposits of Galicia, Austria, 
have an aggregate thickness of 4,600 feet. But this does not repre- 
sent the thickness of a single mass of salt such as underlies each of 
the Five Islands. The saliferous formations of Wieliczka consist of 
lenses of salt separated by beds of clay, marl, and anhydrite. The 
great deposits of the Salt Range in India are associated with beds of 
clay, their aggregate thickness generally running from 300 to 700 
feet and never exceeding 1,200 feet. 

While these various deposits are of considerably greater areal 
extent than those of the Five Islands which are being mined, there 
seems little doubt but that the latter rank first of the world’s de- 
posits for thickness and purity; they may even rank first as to total 
tonnage of workable salt. 
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THE JENNINGS OIL FIELD, ACADIA PARISH, 
LOUISIANA’ 


DONALD C. BARTON? AND R. H. GOODRICH3 
Houston, Texas 


ABSTRACT 


The Jennings oil field was one of the earliest oil fields of the first class on the Gulf 
Coast. It is on a dome in Tertiary sediments. Although the salt has not been drilled 
into, limestone which has never been drilled through and which resembles cap rock 
underlies the main part of the field, and is taken to indicate the presence of a salt dome. 
There is a surface mound that is probably the remnant of a salt dome mound and a 
depression that in part is probably a “central depression.” The Jennings field has been 
one of the most prolific of the Gulf Coast oil fields, and had many long-lived wells with 
enormous total production. 


INTRODUCTION 
LOCATION 


The Jennings oil field, known also as the ““Mamou,”’ or ‘““Evangel- 
ine”’ oil field, is located in Acadia Parish in southern Louisiana, 185 
miles west of New Orleans, and 175 miles east of Houston, Texas. 
It is:35 miles east of Lake Charles, and 7 miles northeast of the town 
of Jennings on the Southern Pacific Railroad. The field is near the 
center of T.9S., R. 2 W. The field is reached by auto from the towns 
of Jennings or Crowley. 

HISTORY 

The Jennings oil field is one of the oldest oil fields of the first rank in the 
Gulf Coast. Attracted by the escape of gas in springs which had long been 
known by early settlers, the Jennings Oil Company, early in 1901, engaged the 
Heywood Brothers of Beaumont to drill a test well, to be located in Section 46 
near the northeast corner of a block now known as the Gulf Refining Com- 
pany’s Jennings-Clemont lease. In August of 1901, eight months after the fa- 
mous Lucas well at Spindletop came in, the Jennings well encountered a loose 
sand at 1,882 feet (564 m.), and blew in spraying oil and sand in considerable 
quantity; after blowing wild for several hours, the well choked up and was 


t Published by permission of the Rycade Oil Corporation. 
2 Chief Geologist, Rycade Oil Corporation, Houston, Texas. 
3 Geologist, Rycade Oil Corporation, Houston, Texas. 
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finally abandoned. The next test, the Southern Oil Co.’s No. 1, was unfortu- 
nately located far to the south of the real field and was abandoned below 2,500 
feet (750 m.), without finding oil. Profiting by this experience, the Southern 
Oil Company located their next test 250 feet northwest of the original Jennings 
Oil Company’s No. 1. At a depth of about 1,850 feet (555 m.), this well also 
encountered a loose broken sandy formation, blew in, and made considerably 
more oil than No. 1 Jennings Oil Company but not having a screen soon choked 
up and was lost. 

The field now needed no further recommendation; extensive exploration 
was quickly started; and within the next few months several producers were 
completed. It was not, however, until June, 1902, that the first really success- 
ful well was brought in, the Jennings Oil Company No. 2, also drilled by the 
Heywood Brothers, and located 100 feet (30 m.) southwest of their No. 1, the 
pioneer test of the field. The field produced slightly over 548,000 barrels (73,060 
tons) of oil during 1902. 

From then on the producing territory was gradually extended in every 
direction. In 1903, the Superior Oil Company extended the field westward, and 
the Crowley Oil Company extended it to the north and east, but wells drilled on 
the hill and far out from the field were dry. 

In January 1904, the Chicago Jennings well No. 2, extended the field to the 
south; also in this year the Producers Oil Company on their 4o-acre Latrielle 
tract extended the field to the southeast. Operations increased steadily until 
in February, 1904, Jennings had 35 producing wells. Over 6 million barrels 
(833,300 tons) of oil were produced in the last six months of that year. 

The next year, 1905, was discouraging in many respects. As a consequence 
of the reckless waste of gas and the correspondingly diminishing gas pressure, 
many of the older wells had to be put on the pump, and salt water made its 
appearance in the older wells. To make matters worse the flood of oil from the 
great Humble field caused a slump in the price of crude to 16 to 18 cents per 
barrel. 

The peak of production for the Jennings field, nevertheless, was reached in 
1906, with a production for the year of over 9 million barrels (1,250,000 tons). 
Production declined rapidly in 1907, and again in 1909, and then gradually, 
until the present daily average is about 500 barrels (69 tons) per day for the 
field. 

From time to time, periodical increases in production take place in the old 
field and systematic exploration for flank sands may yet revive the activity of 
the field. The recent renewed attempts to find deeper oil have been unsuccessful. 
On the north edge of the field in Section 48, the Coastal Oil and Fuel Company 
drilled to 4,302 feet (1,336 m.) and failed to find oil. Recently the Rycade Oil 
Corporation on the southeast side of the field abandoned their well at 2,355 feet 
(706 m.) in caprock. 
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PHYSIOGRAPHY 
REGIONAL PHYSIOGRAPHY 
The physiographic province in which the salt domes of Louisiana 


and Texas occur is the Gulf Coastal Plain (Fig. 1). In southern 
Louisiana and southeast Texas, it is composed of the Coastal Prairie, 
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Fic. 1.—Physiographic sketch map of the Texas Louisiana gulf coast, showing 
the position of the Jennings Field. 


the Kisatchie Cuesta, other cuestas farther inland, and the Missis- 
sippi Valley and Delta. This physiographic province has been 
discussed, and its component features have been described else- 
where by the senior author.’ 

The Jennings salt dome lies about midway of the Coastal Prairie 


*Barton, Donald C., “The Pine Prairie Salt Dome,” Bull Amer. Assoc. Petrol. 
Geol., Vol. 9 (1925), pp. 739-42 
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belt. The area immediately around the dome has been much dis- 
sected by the rivers, Bayou Nezpique, Bayou Cannes, which unite 
just below the dome to form Mermentau River. To the east and to 
the west of that area, is a broad flat prairie which belongs to one of 
the intermediate Pleistocene plains, perhaps the Hammond. The 
dome itself, is on a narrow strip of prairie between Bayou Nezpique 
on the west, and Bayou Cannes on the east. The crest of this inter- 
stream ridge seems probably to be a remnant of the prairie level of 
this region. : 
PHYSIOGRAPHY OF THE DOME 

The topography at the dome consists of a broad, shallow, irregu- 
lar basin-like depression which is drained by a brook and its ramify- 
ing branches, and of a low, irregular hill to the east. The basin is 
about 15 miles in diameter and covers a large part of the richly pro- 
ductive area in the center of the field as well as a much larger area 
of much poorer productive territory to the west. The origin of the 
basin may be explained by erosion, by collapse due to solution of the 
top of the salt dome, or by settling consequent upon the extraction 
of the oil. It is certain that there has been erosion. The basin was 
considered by Harris to be one of the central depressions character- 
istic of salt domes. It is very much larger and more ill-defined than 
the typical central depressions of salt domes and on the west extends 
well off the probable area of the salt. There seems to be a fair possi- 
bility, however, that the basin is in part a salt-dome of central de- 
pression. According to reports of an observer familiar with the field, 
the basin in considerable part has been caused by settling since the 
field came in. Non-instrumental evidence based on casual observa- 
tion and memory cannot be accepted as conclusive, but the reported 
observation is decidedly suggestive, especially in the light of the 
results of an investigation of the Goose Creek field by one of the 
Gulf Coast oil companies.t On the basis of a priori reasoning, it 
seems reasonable to expect distinct settling of the surface in the 
noncap-rock oil fields of the first class. 

(x) Sediments such as the Gulf Coast oil sands are laid down 

t Wallace E. Pratt and Douglas W. Johnson, “‘A Recent Local Subsidence of the 


Gulf Coast of Texas,” Geol. Soc. of Amer. Proceedings (preliminary list of abstract 
of papers), Thirty-eighth Annual Meeting, 1925. 
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with an excess of pore space, that is, the individual grains are not 
fitted together in such a way as to give the minimum volume and 
minimum pore space. In the case of finer sediments, and less so in 
the case of the coarser sands laid down under water and never dried 
out, the individual particles or grains must be held apart in some 
degree by the included water. (2) Compression of the sediments 
can take place only to the amount of the expulsion of the interstitial 
fluids. (3) In buried sediments, there must be a tendency toward 
expulsion of the interstitial fluids and compression of the sediments 
under the weight of the overlying beds. (4) But in the case of the 
Gulf Coast beds, this tendency must be greatly hindered by the 
fact that the sands tend to be lenses in a predominant massive 
clay-shale section. (5) In the case of the Gulf Coast oil sands which 
are Tertiary in age, and therefore, not of great geologic age, it seems 
reasonable to expect that the beds have a potential capacity for 
shrinkage consequent upon the withdrawal of the interstitial fluids. 
(6) Contemporaneously with the extraction of fluids from within 
the productive area and the immediately surrounding drainage basin, 
a tendency should be set up for flowage inward from the whole sur- 
rounding region. This flowage, however, can take place only slowly 
through fine, silty sands, such as those at Jennings, and will be yet 
further retarded by the lensing and faulting of the sands, and cannot 
keep pace with the relatively free extraction of oil and water through 
the wells. The column of sediments, therefore, should shrink to the 
extent of the difference between the volume of water and oil that 
flows in and the volume that is extracted. (7) If the assumption is 
made that the field has produced twice as much salt water as oil, 
and if the fluids are withdrawn from an area four times the pro- 
ductive area, the oil and salt water extracted if spread over that 
total drainage area would have a thickness of a magnitude of 50 
feet (15 m.) vertically. 


* Total production of field equals 46 million barrels (6,388,000 tons) of oil=1,930 
million gallons= 7,277.8 liters=7.8 million cu. meters. If production of salt water is 
twice that of oil, total volume of fluid=23 million cu. meters. Production came from 
an area 2,000 feet (600 meters) square=o.36 million sq. meters. If fluids are drawn 
from an area four times as large as productive area, drainage area=r1.5 million sq. 
meters. If extracted fluids were spread evenly over drainage area, they would cover it 
to a depth of 15.3 meters, or 507 feet. 


JENNINGS OIL FIELD, LOUISIANA 403 


The settling necessary to account for the basin is 7 to 10 feet. 
The shrinkage in the sediments would be spread over 300 feet of 
section, about 4o per cent sand, and would represent a contraction 
of volume of the whole zone to the extent of 3 to 4 per cent, or a 
contraction of the volume of the sands to 7 to 8 per cent. In view of 
the magnitude of withdrawal of fluids, it seems to the senior writer 
that there is warrant for consideration of the theory of the formation 
of the eastern portion of the basin in part at least, through settling 
consequent upon the extraction of the oil and salt water. 

The low hill on the Arnaudet and Latreille tracts on the east 
edge of the oil field would seem probably to represent the remnant 
of a salt dome mound. It is irregular in shape with a N.NE.-S.SW. 
axis, and a SE.-NW. axis. It rises 13 to 16 feet above the general 
level of the prairie west of the oil field and 8 to 13 feet higher than 
the general prairie level for 3 to 4 miles to the north. As it rises so 
definitely above the normal level prairie level, the hill seems to be an 
obscured salt dome mound. 

GEOLOGY 
SURFACE GEOLOGY 


The beds exposed at the surface at Jennings (Fig. 2) are Pleisto- 
cene sands, sandy clays, and clays. In southeast Texas and south- 
west Louisiana a division of the Pleistocene beds is possible into the 
Lissie sandy member on the north and the Beaumout clayey member 
on the south. Farther east in Louisiana this distinction is not so 
clear; the Beaumont clay becomes much sandier, and toward Ope- 
lousas, Lafayette, and Abbeville it becomes decidedly loess-like. 
The Jennings dome lies in the vague zone between the Lissie and the 
Beaumont. The beds exposed at the surface over the dome seem to 
be those normal to that region. 


SUBSURFACE GEOLOGY 


The Texas and Louisiana Gulf Coast oil fields are associated 
with two main types of geologic structure: the salt dome type as at 
Spindletop, and the non-salt dome type as at Goose Creek. Although 
salt has never been actually encountered in the field, Jennings seems 
probably to be of the salt dome type. 

Salt domes are characterized by quaquaversal dipping sediments 
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around a central salt core. A mantle of caprock, in many cases, im- 
mediately overlies the salt core. The shape of the central salt core 
may be elliptical in plan as in the case of Stratton Ridge, or, more 
commonly, nearly circular as at Spindletop. The diameter of the 
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Fic. 2.—Geologic sketch map of Louisiana and southeast Texas 


salt core varies: where the core is elliptical, the major diameter may 
be as much as 12,000 feet (3,600 m.), and the minor diameter two- 
thirds as much, as at North Dayton; where the core is circular, the 
diameter is from 2,500 feet (750 m.) as at New Iberia, to 3 miles (5 
km.) as at Humble. The thickness of the salt core of the domes is as 
yet unknown. At Humble the top of the salt is around 1,400 feet (425 
m.), and the Texas Company’s Wheeler Pickens well was abandoned 


JENNINGS OIL FIELD, LOUISIANA 405 


at 5,410 feet (1,623 m.) still in rock salt. The depth from the surface 
to the salt varies from a few feet, as at Avery Island, Louisiana, to 
some 2,300 feet (690 m.) below the surface, as at Markham. The 
top of the salt is commonly nearly flat and the edges are nearly 
vertical. In many of the Coastal oil fields, the salt is topped by a 
mantle of cop rock of varying thickness, size, and shape. It is often 
very porous and even cavernous. In some cases, it yields large 
amounts of oil as at Spindletop, or it may be entirely devoid of oil, 
as at Damon Mound. The thickness of the cap rock varies from a 
few feet to 1,000 feet (300 m.), or more. The strata surrounding 
the salt core are, for the most part, loose, unconsolidated sediments, 
and dip in all directions from the salt core. 

The cap rock and the somewhat characteristic doming seem to 
indicate that Jennings belongs to the salt dome, or Spindletop type 
of oil field. The salt has not yet been drilled into, and is not actually 
known to be present. But no wells rightly located to encounter the 
salt have been drilled deep enough to prove, or disprove its presence. 
The data available in regard to the cap itself are rather scanty. The 
following wells encountered the cap: 

Very slightly south of the center of the field: 

Producers Oil Co.’s Houssiere Latreille No. 74, at 2,012 feet... .603 meters 
On the southeast side of the field: 

Rycade Oil Corp.’s Houssiere Latreille No. 1, at 2,355 feet....706 meters 

(Abandoned sii cao mem remy ain err tn nt at 2,660 feet ....798 meters) 

Producers Oil Co.’s Houssiere Latreille No. 81, at 2,398 feet....719 meters 
On the south side of the field: 

Producers Oil Co.’s Houssiere Latreille No. 101, at 2,600 feet... .780 meters 
On the southwest side of the field: 

Gulf Rfg. Co.’s Jennings-Heywood No. 40, at 2,693 feet... .808 meters 
On the east side of the hill: an unnamed well at the north edge of the Houssiere- 
Latreille tract is some times spoken of as having gone into the cap at around 
2,200-2,300 feet (700 m.). The writers, however, have not been able to confirm 
this report. Since no well has been drilled through it, the thickness of the cap 
is not known. From the depth to which the Rycade Oil Corporation’s Houssiere 
Latreille No. 1 was drilled into it, the cap is more than 300 feet (go m.) thick. 


The lithology of the cap is not well known. Until our own well, 
the Rycade Oil Corporation’s Houssiere Latreille No. 1, went into it, 
we could get no authentic information in regard to the character of 
the cap, and in that well only a few cores were taken in the cap. The 
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upper part of the cap seems like a disintegrated granular limestone. 
When the driller went into it, he logged it as sand and in the Pro- 
ducers Oil Company’s Houssiere Latreille No. 81, it was apparently 
logged as sand without being recognized. A core from a depth of 
2,393 feet (727 m.) was composed of a soft, very friable, finely granu- 
lar limestone. It was finely banded with alternating black and white 
bands, 1 to 4 cm. thick. A core from a depth of 2,426 feet (737 m.) 
was of limestone very similar to that of the preceding core, except in 
not being friable, and in being much harder. It is not known whether 
the limestone is underlain by a gypsum cap. 

The extent of the cap is indicated by the negative control on the 
north of the Coastal Oil and Fuel Company’s well drilled in Section 
48 to a depth of 4,342 feet (1,320 m.) without encountering the cap, 
and on the southeast by the Rycade Oil Corporation’s Houssiere 
Latreille No. 2, which encountered the cap at 3,395 feet (1,034 meters 
and a recent well which encountered the cap at ca. 2,717 feet (828 m.) 
in Block 6 in the SW. + SW. 4, Sec. 46. 

The structure of the Jennings oil field was inferred by Harris on 
paleontological grounds to consist of a rather sharp, double-crested, 
structural dome, located about on the western 1,500 feet of the line 
between the Arnaudet and the Houssiere Latreille tracts. His infer- 
ences were drawn largely from the distribution of Rangia johnsoni 
in the wells. On the northwestern of the two crests, this fossil was 
found at a depth of 1,025 feet (307 m.), although 200 feet (60 m.) to 
the south, it was not encountered until below a depth of 1,940 feet 
(582 m.). On the basis of this distribution Harris drew in structure 
contours showing a dip of about 80 degrees on the south side, and of 
45 degrees on the north side. On the southeastern crest, the upper 
limit of Rangia johnsont was 1,300 feet (390 m.), and on both the 
north and south sides of the crest, Harris gives structure contours 
showing a dip of about 75 degrees. 

The presence of any such sharp doming in the subsurface beds at 
Jennings seems doubtful from the results of subsurface correlation, 
from the structure of the other domes, and from a priori reasoning. 
Graphic sections, with closely spaced wells, were drawn up by the 
writers as follows: a north-south section (Plate 6) along the west 
line of the Arnaudet and Houssiere Latreille tracts; two east-west, a 


JENNINGS OIL FIELD, LOUISIANA 407 


north-south, and a northwest-southeast section in the west 4o-acre 
lot of the Houssiere Latreille tract, and an east-west section along the 
south line of Section 48 (Crowley Oil and Mineral Company’s lease). 
The best section that could be drawn east-west through the location 
of the suspected structural crests was fragmentary, and unsatisfac- 
tory. Although lithologic well-to-well correlation of graphic logs is 
rather unsatisfactory as a rule in the Gulf Coast, and is not to be 
given implicit credence, fairly satisfactory correlation was possible 
on all of these sections except the one through structural crests re- 
ported by Harris. No key bed is present that can be traced with 
confidence completely across any one of the sections, but there are 
several massive sands, especially in the top of the predominantly 
clayey zone extending from 1,000 feet (300 m.) downward and in the 
main productive zone. Moderate doming of a magnitude of 300 to 
500 feet (go-150 m.) seems to be indicated by the correlation of the 
wells on these sections. The crest of the dome coincides approxi- 
mately with the two crests reported by Harris and the doming ex- 
tends at least to the edges of the field. The dip shown by the top of 
the cap checks the moderate doming shown by the correlation of the 
beds above it. From the Producers Oil Company’s Houssiere La- 
treille No. 74, to the Rycade Oil Corporation’s No. 1, the slope of 
the top of the cap is 26 in 100 and from the latter well to the Pro- 
ducers Oil Company’s No. ror, the slope is about 16 in 100. No data 
are available in regard to the cap rock in the area covered by the 
two crests of the dome found by Harris, but as the wells in that area 
produced from depth of 1,70c to 1,900 feet (510-570 m.), the cap rock 
if present cannot be less than 1,900 feet (570 m.) below the surface. 
The Producers Oil Company’s Houssiere Latreille No. 74, however, 
is immediately at the south edge of the northwestern crest, and the 
rather moderate gradient on the top of the cap is known to come 
directly to the edge of the sharp crest of Harris. Although it has not 
been demonstrated that structures similar to those of Harris are not 
present, no such fold is known on the other Gulf Coast salt domes. 
The salt cores themselves have equally steep dips on their flanks, and 
in some cases the edges of the lateral beds have been dragged up by 
the salt until they have similar dips, but in no case is such sharp 
doming known to exist in the Tertiary sediments by themselves. If 
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the competence of unconsolidated sands and clays is considered, it 
is questionable whether it would be possible for a frustrate cone of 
such sediments, 1,500 feet across the base and a 1,000 feet high, to 
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be intruded into overlying sediments. If there should be a tendency 
for any such intrusion of any such cone of these sediments, the latter 
should tend to yield, rather than transmit the thrust rigidly, unless 
either the resistance to the intrusion were very slight, or the internal 
mechanics of the intrusion were the same as in the intrusion of a salt 
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dome. Neither of those special conditions, however, can be called 
upon to explain the situation at Jennings. 


STRATIGRAPHY 


The section in the center of the Jennings field (Fig. 3) is shown in 
the following tabular summary: 


GEOLOGIC SECTION IN THE CENTER OF THE JENNINGS FIELD 


Feet Meters 
Predominating clay....... oft ney See Te Oe = 00055 554 o-18 + 
Predominating sand with some gravel and 
CLA ere ee nr rie etere Caress tae ara 60==-Ss50== 0... 18-255 
Clay 70 per cent; sand 30 per cent........ 850+=-1,750.... 255-525 
Clay 30 per cent; sand 7o per cent........ 1,750+2,000+,...525==-600= 
Eimestone-capsaanen eas iek ote et hike. 2,000 2,000 


The range of the fossils in the central part of the field is given by 
Harris as follows: 


DISTRIBUTION OF FOSSILS IN THE CENTRAL PART 
OF THE JENNINGS FIELD 


Feet Meters 
Mulinia quadricentennalis..........0..44- I,I00 ici 56330 
PA LOCHISZODES Oop core nee nee ao eteneeets ofan cote 
Rangia cuneata and Ostrea virginica?....... Q00-2,000 .... 270-600 
Rangia johnsoni and Amnicola sp.......... Te 2OCa 2 OCOm EES OC-000 
Mulinia quadricentennalis Cerithium sp..... 1,850 spon BRS 
Mulinia quadricentennalis.............+++. 200 eee 1000 


The section on the edge of the field is as follows: 


GEOLOGIC SECTION ON THE EDGE OF THE JENNINGS FIELD 


Feet Meters 
Rredominantlyacla varia merit cre > © = 00s5.... O- 27=— 
Predominantly sand with some gravel and 
(AB WAR aos cebu Narr eon Coir go-k-1,100+.... 274-3302 


Clay, about 70 per cent and sand, 30 per cent.1, roo+-2, 800+... .330--840- 


In the only deep well drilled close in to the field, the Coastal Oil 
and Fuel Company’s McDaniel No. 86, the section below 2,800 feet 
was as follows: 
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RECORD OF LOWER Part OF DEEP WELL NEAR JENNINGS FIELD 


Feet Meters 
Sand andsrockew ce mx gp meres Cerne tot orere 2,822-2,928 .... 654- 890 
Sandswithithingbedsiclayaweeeer renter 2,928-3,043 .... 8090- 925 
Sand Bannerer cites eedemeee tay 35043-3. 152) sos tO 25-a007, 
Sandbwithethinebedsroiclay sane 3,182-3,476 .... 967-1,057 
rhals boi Sr carkncen PISERAS oan ona cen Peony Caren no Cie 3,470-3,578 ....1,057-1,088 
Sandsandiclayaceety re ent er cannes Beso GO50 lena Ly OOO 17/2 
Clay withisomersandsemnen men emir crit By OSO—fa Olmert l/l ine) 7.0 
Sandvandiclay cep certsontaoereets weeekr tes MeO BD 55 a o OANA BH 


The conventional, normal stratigraphic section for southern 
Louisiana is as follows: 


NORMAL STRATIGRAPHIC SECTION FOR SOUTHERN LOUISIANA 
Feet Meters 
Pleistocene: 
Beaumont. Clays and sands, and a) 
Lissie. Sands and gravels............ 
(Unconformity) 
Phiocene:* 
Citronelle. Non-marine, yellow and red sands and 
clays ray; where Unweathered cement. 50-400.... I5-120 
(Unconformity) 
Miocene:* 
Pascagoula. Marine in part, blue, green and gray 
clays, locally calcareous, some layers of sand... 250-400.... 75-140 
(Unconformity) 
Oligocene:* 
Hattiesburg. Non-marine, blue and gray clay, some 


beds calcareous, thin beds of sand and sandstone. 300-350.... 90-105 
Catahoula. Non-marine, gray sands, sandstones, fine 
conglomeratesmclay Seer nent nna 600-800... . 180-240 
Eocene.” . 
Jackson. Marine-gray sands and dark calcareous clays 100-160.... 30- 50 
Yegua. Palustrine-gypsiferous sands and clays with 
LET Git se Ore OPE a ea ee I rf Re Ne ROL Bg 400-800... . 120-240 


That this conventional section is not readily applicable at Pine 
Prairie is shown by the fact that here the thickness of the section 
above the Catahoula is at least 3,500 feet (1,050 m.), and is probably 


t After G. C. Matson, U.S.G.S. Prof. Paper No. 98-L, p. 172. 


? After E. T. Dumble, “Geology of East Texas,” Univ. of Texas Bull. No. 1869, 
1920, chapter v. 
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over 4,500 feet (1,400 m.) instead of 1,400 feet (420 m.) according 
to the maximum figures of the conventional section. On the basis 
of lithology, the following correlation of the section at Jennings is 
possible: 


LITHOLOGIC CORRELATION OF THE SECTION AT JENNINGS 


Feet Meters 
Clay. Zone -Beainont Clava tek. grae eo heres oes s O= ©Soco, CH By 
Sandlzone, Wissie andiCitronellen csc. os ose. nee Q0-1,100.... 27-330 
Clay zone, Mainly Pascagoula (Miocene), possibly 
with some Citronelle (Pliocene) at the top and 
some Hattiesburg (Oligocene) at the base...... I, 100-2, 800... .330-840 
SHUNG. ZONNS, (CAVNOUIEY. oo sbanbbovosanvoesneusounos 2 ,800-? Pose) 
Sand and clay zone, (?); Jackson, 4.0m cade checcie sire us 2-4,342.... (1,320) 


On the basis of megascopic fossils, Harris believed that the upper 
2,000 feet, or possibly more of the section on the edge of the dome is 
Quaternary, and the beds immediately below, Miocene. Within the 
past three years a very considerable advance in the knowledge of 
Gulf Coast stratigraphy through micropaleontology has been made. 
However on examination of the samples from the Rycade Oil Cor- 
poration’s Houssiere Latreille Nos. 1 and 2 showed no fossils. No 
examination of the samples from any other Jennings well has been 


made. 
OIL AND GAS 


INDICATIONS 

The indications which led to the drilling at Jennings were the 
mound, and the gas seeps that had been long known about 600 feet 
north of the site of the first well. In these indications, the early 
pioneers saw all the earmarks of another Spindletop, but quickly 
discovered that the mound did not indicate the position of the oil. 
Within recent years, paraffin dirt has been recognized on the Arnau- 
det and Clement tracts. Sour dirt and oil seeps have not been re- 
ported. 

Gas.—Not much gas was found. The upper 600 to 800 feet of 
the overlying section consisting of sands, gravels, and sandy clays, 
do not afford the necessary impervious strata for the accumulation 
of large amount of gas. The gas in only a few cases is found above 
the oil-bearing member. This fact is in large measure responsible 
for the rather low initial production and very low rate of decline of 
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wells which ultimately produced very large amounts of oil. The 
gas at Jennings appears to have the same poisonous, hydrogen sul- 
phide content, characteristic of the gas at Batson and Spindletop. 

Oil.—The oil field covers an irregularly elliptical area of about 
300 acres centering around the northwest corner of the Houssiere 
Latreille tract, Section 47 (Plate 7). Nine-tenths of the production 
came from a circular area of about 120 acres in the northwest corner 
of the Houssiere Latreille tract, the west end of the Arnaudet tract, 
the eastern edge of Section 46, and the southwest corner of Section 
48. 

The depth of the oil “sands” ranges from 110 to 2,400 feet (33- 
730 m.). A small production of heavy black oil from small pumpers 
was obtained in the early days from depths of 110 to 150 feet (33- 
45 m.) on the south side of the field. The main productive zone was a 
series of fine, unconsolidated sands between the depths of 1,700 and 
1,900 feet (515 and 575 m.). Shows of oil are reported not uncom- 
monly to have been found at depths of around 1,000 feet (300 m.) 
but no.commercial production was obtained from that depth. A 
few wells produced from depths between 1,600 and 1,700 feet (485 
and 515 m.) and a number from depths of 1,900 to 2,100 feet (575- 
635 m.). Of the latter wells, a few were very good producers, as for 
example: 

Crowley O. and M. Company No. 1, 4,000 bbls. (555 tons) from 1,915~-1,965 
feet (574-596 meters) 
Heywood O, Company Crowley No. 1, 8,000 bbls. (1,110 tons) from 1,909- 

1,962 feet (572-595 meters) 


Producers O. Company Clement No. 4, 5,000 bbls. (690 tons) from 1,916-1,966 
feet (574-506 meters) 


On the west side of the field productive sands were found down to 
depths of 2,400 feet (730 m.). No production was obtained from the 
cap rock. Deep lateral production has not been found, but the possi- 
bilities have not been well tested. On the north side of the field, the 
Coastal O. and F. company’s No. 86 was drilled to 4,342 feet (1,319 
m.) without obtaining production, and on the southeast side of the 
field, the Rycade Oil Corporation’s Houssiere Latreille No. 2 is 


drilled to 3,489 feet (1,063 m.) without having obtained produc- 
tion. 
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Productive zones can be traced vaguely for considerable distance 
from well to well. It is difficult to trace individual “sands” even 
across short distances. A ‘‘sand,’’ in many cases, seems to have been 
a portion of a much larger mass of barren sand from which it is not 
logged as having been cut off by any partings. The thickness of the 
sands is difficult of determination, but seems to range from 10 to 
150 feet (3 to 45 m.), averaging 40 to 60 feet (12 to 18 m.). 


PRODUCTION 


The total production of the Jennings field for the twenty-two 
years, 1902 to 1923, inclusive, has been approximately 46 million 
barrels (6,388,000 tons). The rapid rise, and somewhat gradual 
decline of production compares most favorably with Spindletop. 
The maximum annual production of the Jennings field, 9 million 
barrels (14 million tons) in 1906, however, is only about half of the 
maximum annual production of the Spindletop field, 17 million 
barrels (24 million tons) in 1902. The production of the Jennings 
field is shown graphically in Fig. 6. 

With the exception of Humble and West Columbia, Jennings has 
had more big gushers than any other field of the Gulf Coast. The 
number and size of the gushers were as follows: 


GUSHERS IN THE JENNINGS FIELD 


Barrels Tons No. of Wells 
Ain OOOh aaron Sisley BS OBIY Melon ad no 12 
Seloo ols none eaNe Stee T OOMMENT CE eee ys 9 
ON OOO ner cree ctcin ers SPATS, Serle ey etter Relea Paes 5 
TE OOCMMIED AeConE ters OS Oman taerrcght oniee 7 
SeOOOn eich ia crete aye any BRNO LAL ieeo eT GI ORG 4 
TO; OOOm aM a raat TACO se aoe ee er sn nea 2 
RE MOOOm fer ereivey tenses DET OO Mata ee enero arte I 
20,000-00,000...... He PIO ory were oct 2 
Veryalarcesputenecord lOStrn essa ee sie ie 3 
MDG Rall a5 PN wi ota CASES OD Oe eE nae IE 45 wells over 4,000 
bbls. per day 
initial produc- 
tion 


Two wells in the Jennings field were distinguished by their large, 
steady output; Bass and Benkenstein No. 1 produced rz million 
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barrels (208,000 tons) of oil in 145 days from September 8 to Janu- 
ary 31; and the Wilkens No. 2 produced one million barrels (138,000 
tons) of oil in 82 days from November 20 to February ro and made 
a total of 23 million barrels (347,200 tons) before it finally quit pro- 
ducing. The Abrams No. 1 of West Columbia probably holds the 
record for the amount of oil produced in three months, but either the 
Bass and Benkenstein No. 1 or the Wilkens No. 2 probably holds 
the record for long continued high production, as both these wells 
had a daily production of less than 13,000 barrels (1,700 tons). 
The per acre production of the Jennings field is one of the highest 
for any of the Gulf Coast fields (Figs. 4-6). The per acre production 
of the field as a whole is 153,000 barrels (21,000 tons). But as over 
80 per cent, and probably go per cent of the production came from 
an area of about 120 acres, the per acre production of the main field 
is of the order of 300,000 to 340,000 barrels (41,000-47,000 tons). 
Table I shows the variation in the temperature (?) and the 


gravity of the oil: 
TABLE I 


TEMPERATURE AND GRAVITY OF JENNINGS FIELD OIL 





TEMPERATURE GRAVITY DEPTH 
F. C. Baumé Feet Meters 
Gulf Production Co. 
Hee simple No. 28. see ae 6-1 eset 72 22 21 1545 470 
JNenningsebee NOn 2: eee aaa 80 27 DYCY, ts I errrectrc eee (ts oat segs 
SyndicatesPeeNO. 204. cise ws os 80 27 Done ‘lecnetece creed lemma 
Syndicate Fee No. 34.......... 98 ai 255 2104 651 
Jennings Clemont No. 12....... Te 22 215 1575 479 
Jennings Clemont No. 17....... 80 27 DOE Mihi|(sreaticeteras | (etereicne sees 
Jennings Clemont No. 16....... 68 20 OY alles Citrersaied lores 
Arnaudet NO. TAtgr. a5 aii. 2scteutees 70 21 1 AR Were tell eee Crome 
IATNAUGEEENO A 2ONec a rereLt 95 als 2Aes Ma | era taeete eects lie kohag emer: 
Mae AE INGE Olt oon ee aang gute 102 39 23% 1900 578 
Morse INOuradersait or ose 82 28 DE te Uris aol aoe 


These data are from gauger’s observations. The low temperature 
looks suspicious, and it is probable that the three higher tempera- 
tures, 95°, 98°, and 102° C. are the most nearly correct. If the mean 
annual temperature of the ground at Jennings is taken as the same 
as the main annual free air temperature at Houston, the geothermal 
gradient is 58 feet per 1° F. (28.7 meters per 1° C.) for Arnaudet 
No. 21, and 73 feet per 1° F. (39.9 meters per 1° C.) for Syndicate 
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Fee No. 34. This gradient is considerably higher than that at West 
Columbia, and is considerably lower than at Batson and Sour Lake. 

The gravity of the oil shows a range of some 53 degrees Baumé. 
A suggestive relation of gravity with depth is revealed, if the gravity 
is plotted with depth: 


DISTRIBUTION OF GRAVITY OF JENNINGS 
CRUDE WiTH DEPTH 


Depth Feet Meters Gravity Baume 
Eat SA Gran aarecste hi cuvert AITO sateen ty ape tehe es 20.8 
AY is HEI UG OEOES A] Otek rations nes 21.6 
Ts OOO tra tat snare conser cane Uhetemecs cero ed 23.4 
DTOA merdetste konrcenene OS Tatsski ancients 25.4 


A similar increase of gravity with depth holds in an interesting man- 
ner at Orange over a vertical zone of 2,500 feet. There the gradient 
is much lower, about 250 feet per 1° Baumé in comparison with 
about 100 feet per 1° Baumé at Jennings. 


FUTURE OF THE FIELD 


The field at present is nearly dead. In 1922 there were 5 com- 
pletions; of these, 3 were producers and 2 were dry. The production 
can be increased slightly by cleaning out, resetting, or redrilling old 
wells, and by drilling strippers to small sands that were passed up in 
the early days. But under the present-day technique of oil recovery, 
the old productive area is essentially exhausted. There is a possi- 
bility that deep, productive sands will be found. The results, how- 
ever, of the Coastal Oil and Fuel Company’s No. 86 on the north 
side of the dome and of the Rycade Oil Corporation’s No. 2 on the 
southeast side do not look auspicious for the finding of deep, lateral 
production. But the deep, lateral sands have not been sufficiently 
tested to be entirely condemned. 
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PINE PRAIRIE SALT DOME 


DONALD C. BARTON! 
Houston, Texas 


, ABSTRACT 


The Pine Prairie salt dome is a characteristic Gulf Coast salt dome, and is com- 
posed of a steep-sided, relatively flat-topped, pluglike salt core surmounted by a 
thimble-like cap of limestone and gypsum-anhydrite. The salt core is 1 mile in diam- 
eter and rises to within 520 feet of the surface. The limestone of the cap is exposed at 
the surface. The salt core and cap have been intruded into beds of Oligocene to Plio- 
cene age. Commercial production has never been established. Four small producers 
were completed at a depth of about 1,300 feet on the west edge of the dome. Three later 
well located deep tests respectively on the northeast, southeast, and southwest sides of 
the dome were dry. 


INTRODUCTION 


Location.—The Pine Prairie salt dome is the northernmost of the 
Coastal group of Louisiana salt domes. It is in the southern central 
- part of the state, in secs. 35 and 36, T. 3 S., R. I. W., 1 mile (13 km.) 
west of Easton, a small lumber village in the center of Evangeline 
Parish. It is about 7 miles southwest of the village of Bayou Chicot, 
in what was formerly the northwest part of St. Landry Parish. It 
is reached by various lines to Alexandria, or by the Gulf Coast Lines 
to Eunice, and from either place by the Alexandria-Eunice branch of 
the Rock Island Railroad to Easton. Except in very wet periods, it 
can be reached readily by auto from either Alexandria or Lake 
Charles via the Pelican Highway to Oakdale, east across country to 
Pine Prairie village, and then south to the salt dome. 

History.—The outcrop of the limestone on the southwest side of 
the salt dome was known to the early settlers; before the Civil War 
considerable lime was burned in rude kilns, the remains of which are 
still visible a little north of the saw mill and not far from the main 
quarry. About 1908, the dome was prospected by the Myles Mineral 
Company for limestone and salt, but no development was started. 

t Chief geologist, Rycade Oil Corp., Houston, Tex. Published by permission of the 
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Harris is reported to have noticed that when heated the limestone 
from the lower quarry gave off a petroleum odor, and to have ad- 
vised exploration for oil. The exploration was started in 1909, but 
the first wells were unsuccessful. In 1912, the Myles Mineral Com- 
pany’s Number 8, on the west side of the dome, came in flowing at 
an estimated rate of 1,000 barrels per day. Although the well quick- 
ly sanded up, its completion started a mild boom, and some seven- 
teen wells were drilled in the following three years. Two of these 
wells were completed as small producers. None of the tests were 
deep. From 1915 to 1920, there was desultory drilling of shallow 
tests without success. In 1921, the Amerada Petroleum Corpora- 
tion and the Louisiana Oil and Refining Company (Invincible Oil 
Corporation), in a joint test, drilled a deep dry hole on the northeast 
flank, and Duke et al. drilled a deep dry hole on the southwest flank. 
In the following year, the Louisiana Oil and Refining Company 
drilled a well into the southeast edge of the cap, and a deep dry hole 
a little farther southeast. At the present time there is no commer- 


cial production. 
PHYSIOGRAPHY 


Regional physiography.—The physiographic province in which. 
the salt domes of Louisiana and Texas occur is the Gulf Coastal Plain. 
In southern Louisiana, and southeast Texas, this plain is composed 
of the Coastal Prairie, the Kisatchie Cuesta, other cuestas farther 
inland, and the Mississippi Valley and Delta (Fig. 1). 

The Coastal Prairie is an almost featureless plain extending from 
the Gulf Coast about 80 miles inland. At its gulfward margin, it is 
characterized by extensive marshes, especially in Louisiana and the 
adjacent portion of Texas, and is broken by numerous broad, shal- 
low bays. At its inland margin, the coastal marshy belt grades into 
a wide belt of prairie which comprises the main part of the Coastal 
Prairie, and which is practically treeless except along the streams and 
at its inland margin. 

The Coastal Prairie is in extreme physiographic youth. Along 
the streams and their tributaries, in general, there is considerable 
dissection. The interstream areas are broad and show no well-defined 
drainage. The amount of the dissection increases inland, and near 
the inland margin, the topography locally is in late youth. The only 
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relief which the Coastal Prairie has beyond that due to the erosion 
consists of: 


1. Salt-dome mounds; mounds resulting from the upwarping of the prairie and 
rising to a maximum height of 200 feet above the general prairie level. 
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Fic. 1.—Physiographic map of the Texas-Louisiana salt-dome area. (In part 
after Deussen, Dumble, and Veatch.) 


2. “Pimple” mounds and “blowout” holes; small, circular, sandy mounds with 
diameters of 20-30 feet (6-9 m.), and a rise of 1-4 feet (0.3-1.3 m.); and shal- 
low, circular ponds of somewhat larger diameter. Contrary to the common 
lay opinion, they have no connection with oil, gas, or salt domes. 

3. Prairie ridges; broad, low ridges extending for miles across the prairie. 

4. Natural levees; in some cases abandoned. 

5. Beach ridges; especially in the marshy prairie along the coast. 
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The Coastal Prairie is divided into several plains, marked at their 
landward edges by scarps, and is bounded at its inner margin by the 
Hockley shore line. In Louisiana and farther east, four terraces have 
been recognized: in order of decreasing age, the St. Elmo, the Port 
Hickey, the Hammond, and the Pensacola.’ The St. Elmo terrace, 
apparently contemporaneous with the crystalline gravel at Natchez, 
but older than the great loess deposits of the east side of the Missis- 
sippi, is regarded by Matson as sub-Aftonion in age. As the Port 
Hickey terrace is apparently younger than the principal loess de- 
posits of the east side of the Mississippi, the St. Elmo terrace would 
be pre-Iowan in age, and the Port Hickey terrace of post-Iowan age. 
The latter terrace is covered by a loesslike silt that may be of Wis- 
consin age, and in that case would itself be of Wisconsin age. The 
lower terraces are younger than the Wisconsin drift. 

In southeast Texas, there are at least three plains: the Hockley 
Plain, with its inner margin well marked by the Hockley shore line 
through the Hockley salt dome; the Kountze Plain, which is espe- 
cially well developed near Kountze; and the Jefferson Plain, which is 
best developed in southern Jefferson County. The Hockley Plain 
lies between elevations of 110-50 feet (33-45 m.) in Hardin County, 
and 125-75 feet (37-52 m.) in western Harris County. The Kountze 
Plain lies between elevations of 25-80 feet (8-25 m.) in Jefferson 
and Hardin counties, and between 30-90 feet (9-27 m.) in Harris 
and Galveston counties, and in the latter two counties, it extends 
nearly to the coast. The Jefferson Plain has an elevation of less than 
15 feet (5 m.). The Hockley shore line is a rise of 40 feet (12 m.) in 1 
mile, which contrasts strongly with the very uniform slope of the 
Coastal Prairie of 3 feet (1 m.) to the mile. This shore line crosses 
the Dallas-Beaumont branch of the Southern Pacific Lines just south 
of Seneca, the Houston, East, and West Texas division of the 
Southern Pacific lines just north of Wescott, and the Houston- 
Palestine division of the International and Great Northern Railroad 
just south of Conroe. 

The Kountze shore line between the Hockley and Kountze plains 
is most conspicuous between Kountze and Saratoga in Hardin 

*G.C. Matson, U.S. G. S. Prof. Paper 98-L (1916), pp. 189-90. 
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County, and is recognizable but indistinct in Harris County, south- 
westward from Humble. 

The Jefferson shore line between the Kountze and Jefferson plains 
crosses the center of Jefferson County, near the western edge of the 
county, bends southwestward, and in Galveston County is only some 
to miles back from the coast. As the Loxley Plain, the youngest of 
the Pliocene plains, is represented on the east border of Texas, ac- 
cording to Matson, by the top of hills that rise 180-220 feet (56-68 
m.) above sea-level, the Hockley shore line is the equivalent of the 
scarp which marks the seaward edge of the Loxley Plain, and the 
Hockley Plain is the equivalent of the next lower plain, the St. Elmo 
Plain. The Jefferson Plain may be the equivalent of the Pensacola 
Plain, and the Kountze Plain may be the equivalent of the Port 
Hickey and Hammond plains, but the data for exact correlation are 
not at hand. 

In the area around the Pine Prairie salt dome, there is a broad 
upland level with an elevation above sea-level of g5—110 feet (29- 
33 m.), and a bottom land with an elevation of 50-60 feet (15-18 m.) 
above sea-level. The area has suffered much more erosion than the 
prairie nearer the coast. Only remnants of the upland level are left 
in the area around the Pine Prairie dome. The general region is flatly 
rolling with fairly broad bottom lands along the streams. By com- 
parison of the elevation and position of this area with Matson’s pro- 
files, the upland level seems perhaps to be a part of the Port Hickey 
(Pleistocene) terrace, and the bottom lands to correspond to the 
Hammond terrace. To the south of the Pine Prairie dome, most of 
the prairie is open, but in the immediate vicinity, and to the north 
of the dome, most of the prairie is wooded. 

Physiography of the dome—The characteristic American salt 
dome consists of: (1) a circular pluglike core of rock salt; (2) beds dip- 
ping quaquaversally away from the salt core; and in some cases( 3) 
a cap of rock mantling the top of the salt core; and (4) a topographic 
mound above the salt core. The salt-dome mound tends to have the 
general shape of an inverted tin wash-basin with or without a cen- 
tral depression. 

The Pine Prairie salt-dome mound (Fig. 2) is a subcircular horse- 
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shoe-shaped mound roughly 6,000 feet (1.8 km.) in diameter and 
rising 60-75 feet (18-23 m.) above the general level of the bottom 
lands which surround it on the south, west, and north. Mapping 
carried well out from the dome shows, however, that these surround- 
ing lands standing at levels of 60-70 feet (18-21 m.) above sea-level 
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Fic. 2.—Topographic map of the Pine Prairie salt dome. (By Amerada Pet. 
Corp., Van K. Baker—topographer; topography slightly redrawn by D. C. Barton 
—datum mean sea-level; contour interval, 5 feet.) 


are merely the bottom lands of Nez Pique Bayou and Caney Branch, 
and that there is also the upland standing at a level of 75-110 feet 
(23-33 m.) above sea-level. The rise of the mound above this upland 
level, which seems to be the correct measure of the salt-dome mound 
proper, is 15-20 feet (5-6 m.). 
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Although the central basin may be entirely erosional in origin, 
it is more probably a central depression of the type characteristic of 
the “central depression type” of salt-dome mounds. The basin has 
somewhat the shape of a shallow wash-basin with gently sloping, 
graded sides and a broad, flat, central floor. The west rim is breached 
by a small brook which heads on the inside of the east rim. This 
brook flows in a V-shaped brook valley, a few feet deep, and 10-20 
feet wide. The brook seems incompetent to have carved such a ba- 
sin, but there is a bare, possibility that the basin is the result of a 
former period of erosion, so ancient that the sandy hill-slopes have 
had a chance to become completely graded, and that recent reju- 
venation has resulted in the erosion of the modern brook valleys. 

In general plan, the Pine Prairie mound seems to be similar to 
the Blue Ridge mound. 

GEOLOGY 

Surface.—The surface beds of this general region are sands and 
sandy clays which belong to that Pleistocene belt of sands which lies 
inland from the more clayey Beaumont clay to the south, and over- 
laps the Citronelle formation to the north (Fig. 3). This belt has 
been included by some writers in the Lafayette, together with much 
of the underlying Citronelle formation. This belt in Texas was 
placed by Deussen in the Lissie together with much of the Citronelle 
Formation; and by Hayes and Kennedy and by Fenneman it was 
correlated with McGee’s Columbia formation, to which the Lissie 
is now more or less restricted. 

The surface beds on the Pine Prairie salt dome consist of sands 
and sandy clays, and of limestones piercing the sands and clays. 
Lithologically, the sands and clays on the dome show no marked 
differences from those of the surrounding region, except possibly in 
being very slightly more sandy. But as transitions from belts of 
sandy soil to those of sandy clay are not uncommon, the apparently 
greater sandiness of the mound is not necessarily of significance. 

Limestone is exposed at two points in the southwest quadrant of 
the dome. One exposure is in a small pit on the north side of the road 
and some 500 feet (160 m.) east of the mill. This exposure consists 
of a little rotten limestone and a few small bowlders of sounder lime- 
stone. The other exposure is about 1,200 feet (4oo m.) north of the 
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mill on the west side of the road, and just south of the bridge over 
the brook. On only three other coastal domes, Falfurrias, Damon 
Mound, and Hockley, is solid rock exposed at the surface. 

The area in which the limestone comes near the surface is essen- 
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Fic, 3.—Geologic map of Louisiana and East Texas. (Largely after Deussen, 
Dumble, Harris, Matson, and Veatch.) 


tially that of the southwest quadrant of the dome. On the hill that 
forms the rim in that quadrant, on the south end of the hill to the 
north, and the southwest portion of the central depression, the lime- 
stone is reported to have been encountered by shallow tests at depths 
of 20-50 feet (6-16 m.). Elsewhere over the dome, the limestone lies 
at greater depths. 
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The thickness of the limestone is shown by wells to be 200-400 
teet (160-320 m.). From the well logs it is not quite certain whether 
or not the limestone exposed at the surface is continuous with the 
main cap rock or is an upper lense. 

Banding shown by the limestone of the lower quarry has dips of 
25-30 degrees to the southwest. As the blocks on which the dips 
have to be taken are not firmly in place, these dip readings are only 
approximate. Diamond-drill cores of cap rock from a test near the 
mill on the crest of the hill in the southwest quadrant are said to have 
shown dips of 30°. Although the limestone exposed in the upper 
quarry is very doubtfully in place, the banding seems also to show a 
southwesterly dip. 

Subsurface.—The wells drilled show the presence below the sur- 
face of a characteristic salt dome, composed of a pluglike central 
core of rock salt capped by a thimble-like mass of cap rock. 

The cap rock is flat topped and has steep sides (Fig. 4). On the 
top of the dome, Myles Mineral Company’s wells Nos. 1, 2, and 3 
went into the salt respectively at 405 feet (1223 m.), 405 feet, and 
420 feet (1273 m.) below sea-level, and 520 feet (1573 m.), 516 feet 
(1563 m.), 520 feet (1573 m.) below the surface. The location of these 
wells was as follows: No. 1 about 1,000 feet (300 m.) in from the 
southeast edge of the salt table; No. 2 on the west edge of the salt 
table; No. 3 in the center of the northeast quadrant of the dome, 
about 1,500 feet (450 m.) in from the edge of the salt table. The dip 
of the flank of the salt core is known directly only on the west. ‘There 
the Myles Mineral Company’s No. 6, which was 50 feet (16 m.) west 
of No. 2, went into salt at 685 feet (2075 m.) below sea-level, or 265 
feet (80 m.) deeper; and well No. 8, 80 feet (24 m.) west of No. 6, 
went to 1,135 feet (343 m.) below sea-level without encountering 
salt. On the northeast, southeast, and southwest, wells drilled to 
3,879 feet (1,175 m.), 4,100 feet (1,240 m.), 4,384 feet (1,328 m.) be- 
low the surface, respectively, show that to depths of around 4,000 
feet (1,200 m.) the mean slope of the edge of the salt is greater than 
43 in 1. 

The salt core is approximately circular in plan (Fig. 5). It is de- 
limited by the previously mentioned wells, and by Price’s Crowell 
and Spencer well at NW. cor. Sec. 36, the two Price wells at the cen- 
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ter of Sec. 36, and the Louisiana Oil and Refining Company’s Vi- 
drine well in the SE. cor. SW. $ of Sec. 36, all of which had cap rock 
at depths of over 1,000 feet (300 m.). 

The cap seems to be a thimble-like mass of limestone and gyp- 
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Fic. 5.—Index map to wells at Pine Prairie salt dome 


sum (anhydrite?) mantling the salt core. The limestone of the cap, 
or perhaps of an upper lense of the cap, comes to the surface in the 
southwest quadrant of the dome. Seven hundred feet south of the 
upper quarry, the Myles Mineral Company’s No. 1 encountered the 
cap at a depth of 115 feet (35 m.) below sea-level. On the west edge 
of the dome, the same company’s No. 2 encountered it at a depth of 
30 feet (9 m.) below sea-level. In the middle of the northeast quad- 
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rant, the same company’s Nos. o and 3 encountered it slightly below 
sea-level. On the north edge of the dome, Price’s Crowell and Spen- 
cer No. 1, was abandoned in it at a depth of 730 feet (221 m.) below 
sea-level. The depth of the top of the cap, however, is not available. 
On the east edge of the dome, Price’s two wells encountered the cap 
at a depth of around 325 feet (100 m.) below sea-level; one of them 
was abandoned at around goo feet (275 m.) and the other at around 
1,400 feet (420 m.) below sea-level. On the southeast edge of the 
dome, the Louisiana Oil and Refining Company’s Vidrine No. 1 en- 
countered the cap at 1,380 feet (418 m.), and was abandoned in it at 
1,510 feet (4573 m.) below sea-level. 

The thickness of the cap on top of the dome is 200-400 feet 
(160-320 m.). In some of the edge wells it has an apparent thickness 
up to 1,000 feet (350 m.). This great apparent thickness is probably 
due to the fact that the limestone is dipping at a high angle. 

The cap rock is composed of limestone and gypsum (anhydrite?), 
the relative proportion between the two being indeterminable. The 
cap exposed at the surface is limestone, and the impression gained 
from the accounts of the Myles Mineral Company wells is that the 
rock penetrated by them was mostly limestone. Some definite gyp- 
sum was encountered in them, and from the account of Mr. P. K. 
Kelly, of the Union Sulphur Company, the rock in the Price well on 
the east flank of the dome was entirely gypsum (anhydrite?). Sul- 
phur-bearing rock was encountered in the Myles Mineral Company’s 
wells Nos. 1 and 2. In a fishing job on the latter well, nearly a gallon 
of pure sulphur was brought up, some of it in lumps of pure sulphur 
half the size of a hen’s egg and the rest of it in lumps oe half-sulphur 
and half-limestone and gypsum. 

Surrounding the salt core and the cap are sediments that prob- 
ably dip quaquaversally away from the salt core and the cap. But 
the wells of which accurate logs are available are so scattered, and 
lithologic correlation between wells at a distance is so uncertain, 
that it is impossible to determine the dip at Pine Prairie, or to con- 
tour any horizon. 

Stratigraphy.—The normal stratigraphic section for this area 
as determined from a study of these formations to the north is as 
follows: 
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STRATIGRAPHIC SECTION IN VICINITY OF THE PINE PRAIRIE 


Pleistocene 


Lissie 
(Unconformity) 


Pliocene* 
Citron formation 


(Unconformity) 
Miocene* 

Pascagoula clay 

(Unconformity) 


Oligocene* 
Hattiesburg clay 


Catahoula sandstone 


Eocenet 
Jackson 


Yegua 


Cook Mountain 


Nacogdoches | 
Mount Selman 


SALT DOME 


Sand and gravel 0-200 feet ( o- 60m.) 


Non-marine 50-400 feet ( 15-120 m.) 

Yellow and red sands and 50-400 feet ( 15-120 m.) 
clays 

Gray where unweathered 


Marine in part, blue- 
green and gray clays 
locally calcareous 
Some layers of sand 


250-450 feet ( 80-140 m.) 


Non-marine, blue and 300-350 feet ( 20-105 m.) 
gray clay, some beds 

calcareous, thin beds 

of sand and sand- 


stone 


Non-marine gray 600-800 feet (180-240 m.) 


sands, sandstones, 
fine conglomerates, 
clays 


Marine gray sands 100- 60 feet ( 30- 50 m.) 
and dark calcareous 
clays 

Palustrine, gypsiferous 400-800 feet (120-240 m.) 
sands and clays with 
lignite 

Marine, green sands, 
glauconitic sands, 
sandstones and clays, 
green, black and yel- 
low clays, brown and 
yellow sand 


700-800 feet (210- 40 m.) 


* After G. C. Matson, U.S. G. S. Prof. Paper 98 L (1916), p. 172. 
+ After E. T. Dumble, “Geology of East Texas,” Univ. of Texas Bull. No. 1869 (1920), Chap. V. 
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The actual stratigraphic section at and around the Pine Prairie 
dome is poorly known. A Fleming Miocene fauna is reported by 
Kennedy’ to have been obtained from a depth of 1,545 feet (468 m.) 
in the Pine Prairie Realty Company’s well. In the Amerada Petrole- 
um Corporation—Louisiana Oil and Refining Company’s Crowell 
Spencer No. 1, “re-worked Cretaceous’ (Miocene) was encountered 
from 1,272-986 feet (385-602 m.)? From 1,986 feet (602 m.) to the 
bottom of the hole, 3,879 feet (1,115 m.), there were no megascopic 
or microscopic fossils, and the micro-lithology did not allow a deter- 
mination of the formations. On the basis of lithology, the upper 600 
feet of the Pine Prairie Realty Company’s well, and the upper 400 
feet of the section in the wells immediately around the Pine Prairie 
dome, seem to be Citronelle and Lissie, and the zone of sand and 
rock, 3,600-900 feet in the Louisiana Oil and Refining Company’s 
Gournay No.1, and 3,500 feet in the Amerada Petroleum Corporation 
and Louisiana Oil and Refining Company’s Crowell Spencer No. 1, 
seem to be Catahoula, but as part of the Oligocene is fairly fossil- 
iferous, the Amerada Petroleum Corporation—Louisiana Oil and Re- 
fining Company’s Crowell Spencer No. 1, abandoned at 3,879 feet 
(1,175 m.), seem not to have gone very far into the Oligocene. Ac- 
cording to the conventional section based on the study of the surface 
outcrops, a well 4,000 feet deep at Pine Prairie should be well into 
or through the Cook Mountain formation. From our knowledge 
from other salt domes, the formations at a depth of 3,000-4,000 feet 
in the Amerada Petroleum Corporation—Louisiana Oil and Refining 
Company’s Crowell Spencer No. 1 should be 2,000 feet above their 
normal stratigraphic position. The actual stratigraphic section at 
Pine Prairie shows, therefore, an enormous thickening of the Mio- 
cene-Pliocene over the thicknesses given in the conventional section. 


ORIGIN OF THE DOME 


A study of the literature on the German salt domes shows that 
they have been proved to be the result of plastic deformation and 
upthrust of the Zechstein sedimentary salt series. It is evident, 


™W. Kennedy, Bull. S. A. Pet. Geol. (1917), p. 37- 


? Determined by Miss Ellisor, geology department, Humble Oil and Refining 
Company. 
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also, that certain of the German domes are very similar to the 
American domes, and therefore it is probable that the Ameri- 
can domes have been formed similarly. The sections available for 
the American domes show clearly that the salt has been intruded as 
an upthrust plug. The bare profile of the Pine Prairie salt core 
against the surrounding sediments is, of course, in itself suggestive 
of its intrusive character, but on account of the slight correlation 
that is possible, the upthrust of the lateral beds is only vaguely indi- 
cated. : 
AGE OF THE DOME 


The salt must be older than Oligocene if it is an intruded portion 
of sedimentary salt series, as the salt cuts what seems to be the Cata- 
houla sandstone. The date of the beginning of the upthrust of the 
salt is not determinable at Pine Prairie. At Damon Mound, an an- 
gular unconformity of some 15° between the Oligocene and the Mio- 
cene beds of the flank indicate that there had been marked upthrust 
of the Damon Mound salt core during or at the end of Oligocene 
times. Although it can be shown definitely that some of the domes 
have experienced little or no upthrust since early Pleistocene times, 
and others have experienced upthrust in very recent times, it is prob- 
able that most of the salt domes were started by the same pulse in 
the tectonic situation. It is likely, therefore, that the upthrust of 
the Pine Prairie salt core had started by Oligocene times. The pres- 
ence of the salt-dome mound rising as a deformation form above a 
late Pleistocene surface indicates that the latest movement took 
place in or since late Pleistocene times. 


ORIGIN OF THE CAP ROCK 


Three major theories for the origin of the cap rock of salt domes 
have been proposed: (1) It is reconsolidated, residual material left 
behind in the solution of the top of the salt. (2) It is rock that was 
caught and pushed ahead of the rising salt column. (3) It was formed 
by reactions between the circulating waters of the country rock and 
the salt-dome waters. 

In the light of the present knowledge of the cap at Pine Prairie, 
no one of these theories gives a very plausible theory of its origin. 
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The first theory is plausible in connection with the gypsum cap of 
the German domes, but seems inapplicable in this case; the CaCO, 
content of the rock salt of all domes, as far as known, is practically 
nil, and there is no known indication of the alteration of the lime- 
stone from gypsum. The apparent thimble-like form of the cap at 
Pine Prairie is more what would be expected if the cap were a sec- 
ondary deposit rather than an uplifted block. Secondary deposition 
of lime is common as a cement in sandstones around the salt domes 
of the Gulf Coast. But if the cap were secondary, it seems impossible 
for it not to have included some of the sedimentary beds, especially 
the sandstones which originally rested against the salt. Such inclu- 
sions are not known at present. As there have been only a few wells 
through the cap, it is, of course, not well known. The cap may not 
extend down the flanks in the manner of the writer’s interpretation 
of the situation, and the cap rock found on the flanks may be blocks 
broken off from the main mass and lagging along the edges of the up- 
thrusting salt core. As a result of the study still in progress of the 
form and shape of the cap rocks of Gulf Coast salt domes and the 
relation of the cap rock to the salt core and to the surrounding sedi- 
ments, the writer has come to the conclusion that in case of most 
of the salt domes the cap rock has been upthrust on top of the salt 
core into its present position, but he has come to no definite conclu- 
sion in regard to the ultimate origin of the cap rock. However, the 
theory of the secondary deposition does not seem so plausible to 
him as it formerly did. 
OIL AND GAS 


Indications.—The indications which led to the drilling were the 
presence of small, dark, asphaltic specks in the limestone of the lower 
quarry. Upon abrasion the limestone gives off a strong, fetid odor, 
and when heated it yields a strong odor of petroleum. No oil seeps, 
gas seeps, or paraffin dirt are known at or around the Pine Prairie 
dome. Gas seeps have been reported from Caney Branch, but as 
they are not large, or constant, they are probably marsh-gas seeps. 

Exploitation.—Over thirty wells have been drilled; three of the 
tests went to depths below 3,000 feet (900 m.): the Amerada Petrol- 
eum Corporation—Louisiana Oil and Refining Company’s Crowell 
Spencer No, 1, about 1,200 feet out from the dome on the northeast 
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to 3,879 feet (1,175 m.); the Louisiana Oil and Refining Company’s 
Gournay’s No. 1, about 800 feet out from the dome on the southeast 
to 4,384 feet (1,328 m.); and Duke ef al.’s No. 1 on the west to 4,100 
feet (1,240 m.). Nine wells went into the salt or cap rock at shallow 
and moderate depths. Of the others, sixteen did not go below 1,300 
feet (400 m.). Four wells were completed as so-called producers. 

Production.—The oil that has been found thus far is within a 
small area on the west flank immediately adjacent to the dome. It is 
found in a sand 30 feet (9 m.) thick between 1,200 and 1,300 feet 
(370-400 m.). The sand bed is probably in the Pascagoula clay 
(Miocene). 

Though for a short time oil was shipped from Pine Prairie, the 
production has never reached commercial magnitude. Myles Min- 
eral Company’s No. 8, the discovery well, came in with an initial 
production of one thousand barrels (139 tons) per day (estimated), 
but quickly sanded up. It pumped twelve to twenty barrels (1.7- 
28 tons) per day for about a year, and then; after standing for three 
years or four years, pumped six to thirty-five barrels (0.8-4.9 tons) 
per day for a year and a half. Wells Nos. 10 and 11 were of the same 
type. More recently Duke et al. completed a twenty-barrel (3 ton) 
well at a depth of 1,239 feet. The total production of the field to date 
has been around twenty thousand barrels (3,000 tons). 

The oil is a thin, dark-brown oil with a gravity said to be around 
28-32° Baumé. 


ECONOMIC POSSIBILITIES OF THE DOME 


The economic possibilities of the dome are: 

1. Limestone for: (a) ballast—for railroads or roads; (b) lime— 
before the Civil War the limestone was burned for lime. It is said 
to have yielded a bluish lime; (c) building stone—it is very prob- 
lematic whether the rock within available distance of the surface is 
of sufficiently good grade for building stone; (d) soda ash—Harris 
has suggested that the occurrence of the rather pure CaCO, in 
association with minable salt might make possible the commercial 
production of soda ash. The amount of the overburden is not defi- 
nitely known but since it probably amounts at a mimimum of 30 
feet (9 m.) of sand and 20-30 feet (6-9 m.) of rotten limestone, it is 
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probable that the overburden precludes commercial utilization of 
the rock. 

2. Salt: The occurrence of massive rock salt at a depth of only 
500 feet (160 m.) under a heavy cap of firm rock offers a favorable 
situation for salt-mining. 

3. Sulphur: A small amount of native sulphur was found in the 
cap rock in two of the wells. There has been no thorough prospecting 
of the dome for sulphur. 

4. Oil: The cap has been penetrated by a sufficient number of 
wells to show that commercial production will probably not be ob- 
tained from it. 

On the west side, a small production of light oil can probably be 
obtained from around 1,200-300 feet near the dome. Better pro- 
duction than that which has been obtained in the past may be de- 
veloped, but production of any considerable size is unlikely. 

The lateral beds above 3,900 feet (1,180 m.) look unfavorable. 
The three deep tests, on the northeast, southeast, and the west, were 
carefully drilled with due attention to coring and should have picked 
up any oil sands if they were present. Since the Oligocene is one of 
the most important productive horizons on the Gulf Coast salt 
domes, there is a possibility for production in these beds from below 
4,000 feet (1,200 m.). 

REFERENCES 
G. D. Harris, Geol. Survey of Louisiana, Report of 1899, pp. 61-62. 
Ibid., Report of 1907, Bull. 7, (1908), p. 35, Plate XXX. 
U.S. Geol. Survey Bull. 429 (1910), p. 21. 


Wm. Kennedy, Bull. S.W. Assoc. Pet. Geol. Vol. I (1917) p. 37. 
Data regarding the older history and wells is largely from H. M. Journee. 
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ABSTRACT 


The Welsh oil field seems prebably to be of the Goose Creek or non-salt-dome type 
of Gulf Coast oil field. The beds are relatively flat over the field, but dip sharply to the 
southwest in the southwest quadrant. Small production was developed from the Plio- 
cene, but failed after several years, so that today there is no production at Welsh. 
The oil was of low gravity, 11° to 19° Baumé, but had especially high fire and flash 
points and a viscosity that made it especially desirable for car-journal oil. The field 
has some possibilities for discovery of deeper productive sands. 


INTRODUCTION 


LOCATION 

The Welsh field is in Jefferson Davis Parish, southwestern 

Louisiana, about 3 miles west of the town of Welsh on the Southern 

Pacific Railroad, in sections 21, 22, 27, and 28, T.9S., R. 5 W. The 

developed portion is confined to the southeast quarter of Section 27 
and the southwest quarter of Section 22. 


PREVIOUS WORK 

Comparatively little has been published on the Welsh field, and 
great difficulty has been experienced in obtaining well logs or reliable 
information on the history, development, and even the location of 
the wells in the field. This is explained by the fact that the opera- 
tions were carried on, in the main, by individuals and small com- 
panies. Of the published literature, the writings of Harris are the 
most complete. The only other data of real value have been ob- 
tained through the courtesy and co-operation of some of the oil com- 
panies in Houston, especially of The Texas Company, and the Rio 

« Published by permission of Mr. E. T. Dumble, consulting geologist, Southern 
Pacific Company. 

2 Geologist, Rio Bravo Oil Company. 

3G. D. Harris, “Oil and Gas in Louisiana,” U.S. Geol. Surv. Bull., 429, 1910; also 
U.S. Geol. Surv. Bulls. 212, p. 136, 1903, and 282, pp. 102-5, 1906; and Report La. Geol. 
Survey, 1907, p. 35- 
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Bravo Oil Company, which made available several well logs, produc- 
tion data, and reports made by William Kennedy. 


HISTORY 


The discovery of Spindletop, near Beaumont, Texas, in January, 19or, 
brought about a search for similar structures throughout the Gulf Coast, and 
every topographical high was suspected of being a possible salt dome. During 
the following year this prospecting brought about the discovery of Anse La 
Butte, Jennings, Welsh, and Humble domes, and subsequently there were a 
number of others. 

The surface indications suggestive of a dome at Welsh were a slight topo- 
graphic elevation and a gas seep in a shallow water well on the Woods farm, 
located on the elevation. In the latter part of 1901, the Welsh Home Develop- 
ment and Oil Company drilled the first well on Lot 3, Block 6, Woods subdivi- 
sion, southeast quarter of Section 27. This well was drilled to 1,050 feet. The 
hole was ruined, but the showings encountered warranted further development. 
The following year the same company had a blowout of sand from their well 
No. 2 at 1,000 feet. From that time the field was considered more seriously, 
but drilling activity has never been undertaken on a large scale. 

The development has been intermittent all through the life of the field. 
From igor to 1910, according to reports made by William Kennedy to the Rio 
Bravo Oil Company, some 4o wells were drilled in the field within a radius of 
2 miles. Since 1910, it is estimated that some 51 more wells have been drilled, 
making approximately 91 wells for the entire field to date. 

Among the first producers was well No. 1 of the Southern Pacific (now Rio 
Bravo Oil Company), which was brought in January 2, 1903, at a depth of 
approximately 1,010 feet. This well continued producing until January, rorr. 
During that period it yielded a total of 72,000 barrels of oil. 

The greatest production according to figures taken from Mineral Resources 
of the United States, was obtained in 1910. Since that year the production has 
gradually declined to almost nothing and virtually ceased in 1917. The wells 
have been pumped occasionally for local consumption. A few dry holes have 
been drilled since 1917, mainly deep tests. Two wells, 3,100 and 3,315 feet, were 
put down south of the railroad in the southeast quarter of Section 27. The deep- 
er, Avery and Martin, well blew considerable gas from about 1,600 feet. In ro2r 
the Gulf Production Company drilled two deep wells, one north and the other 
northeast of the field. In 1923, Lucas eé¢ al. drilled a 3,200-foot hole on the south- 
west edge of the field. These tests were all dry. Hooks e¢ al. are now drilling 
on the southwest edge of the proven area and are at present testing a sand at 
1,758 feet. This sand is deeper than previous production and is reported to have 
given a promising showing. 

TOPOGRAPHY 


The country about Welsh is a featureless plain except for the 
slight elevation which called attention to possibilities of oil. At the 
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field the elevation is 24 feet above sea-level, and there is locally as 
much as ro feet relief. Figure 1 shows that there is an appreciable 
slope to the south and west. The crest of the hill is about 1 mile 
north of the field, where the rocks take a gentle dip to the north. 
Branching to the east from this hill is a decided ridge which crosses 
the railroad and then broadens out to form a low upland covering a 
relatively large area. On the east side of the ridge there are at least 
two distinct terraces, which have probably been caused by the 
slough that now has its channel about 2 miles east of the field. 


STRATIGRAPHY 


The Welsh field is in the wide belt known as the Gulf Coastal 
Plain, and the surface is composed of Beaumont clays. The well 
records show the thickness of these surface clays in the field to vary 
from 60 to over 200 feet, and they appear to lie unconformably upon 
the series of beds assigned to the Lafayette. 

A general section typical of the field obtained from various logs 
shows about too feet of clay above the sands and gravels of the 
Lafayette formation, which, with partings of shale or gumbo, is 
taken to be about 800 feet in thickness. Downward from this depth 
there is probably a gradation into lower beds of the Pliocene. 

Several oil sands, most of them shallow, are found in this field. 
As arule, the wells obtained production from the first sand, as it has 
appeared to contain less salt water than the deeper ones. In the 
center of the field this horizon is 960 to 1,010 feet below the surface. 
Although a few higher and lower sands gave showings, the horizon 
mentioned is the main one. 

The zone containing oil sands lies below the gravels and belongs 
either in the upper Pliocene or in transition beds. On account of the 
manner in which the wells were drilled at that early period, and the 
inadequate records kept, only a general conception of the actual 
character of the formations can be gained. 

Some of the wells in the field have a thin ‘“‘cap rock” immediately 
overlying the first oil sand. This rock is not the true cap rock found 
so often in the salt domes, but is merely a local induration of the 
sand caused by cementation. It varies from 1 to 6 feet in thickness 
and is sometimes merely a shell, and does not occur at a definite 
horizon. 
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There is doubtless considerable lensing of the sands and a grada- 
tion of sands into shales. It was established, however, that a more 
or less uniform zone to be relied upon for oil-bearing sands is present. 
Immediately overlying the sand when the thin cap is absent, or 
directly above the cap when present, is a bed of gumbo varying from 
60 to 80 feet in thickness. This gumbo bed appears to be more uni- 
form than the sand itself, and was used by the drillers as a marker. 

Although the sand seems to be irregularly distributed throughout 
the field, with a thickness of 10 to 15 feet, it is thickest as a rule in 
the central portion, where it averages 20 feet. 

The quality of the sands, like the thickness, varies in different 
wells, but the texture is fairly regular. Mr. Kennedy found the sand 
to be a white, translucent quartz of fairly even grain, angular, but 
with the sharp corners worn off. About 90 per cent remains on a 
60-mesh screen, and half of the remainder will not pass the 80-mesh. 
While a little of the sand is very fine, it will not pass through the 
120-mesh. From a test of the voids in the sand, it was estimated by 
Mr. Kennedy to have an oil capacity of 25 per cent. Some of the 
deeper sands that gave showings of oil were found to be extremely 
fine-grained and angular. 


PALEONTOLOGY 


A number of beds containing shells are mentioned in the logs, 
which should have thrown more light on the stratigraphy had the 
fossil beds been cored or specimens collected, but the only pale- 
ontological evidence remaining consists of a few bivalve shells from 
the Guffey, Rio Bravo well No. 605 and the Gulf Coast well. Of 
these, only one or two were sufficiently intact to be identified, and of 
the lot it may be said that the species are too long ranging to be of 
any assistance in determining the age of the formations. The list is 
as follows: 

Rio Bravo Oil Co. well No. 605, 1,585-1,589 feet 
Rangia cuneata Gray 


Mulinea lateralis Say 
Rangia (?) quadricentennialis Harris 


1,642-1,648 feet 
Rangia fragments 
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1,817 feet 
Rangia fragments 
Guffey well, 1,800 feet 
Rangia sp. ? 
PP, 1,390 feet 
Rangia cuneata 


Five cores of sands from various depths were recently secured 
from the well being drilled by C. G. Hooks e¢ al. These cores were 
examined by E. Richards Applin, paleontologist for the Southern 
Pacific Company, who reports as shown in Table I. 


TABLE I 
Depth Formation 

Ta 5 select warras wer. oe Core of dark gray, very fine-grained sand. Sand grains 
even in size and angular. A few, possibly 10 per cent, of 
the sand grains dark green and gray in color. No fora- 
minifera or indications of other fossils. Good oil show. 

I,400-1, 500 feet... . Core of extremely fine, even-grained, light-gray sand, with 
a few worn fragments of some fossil shell. A very few 
small nodules of pyrite. Slight oil show. 

I, 500-1, 600 feet... .Core of extremely fine-grained gray sand which contains 
at least 25 per cent of very fine fragments of finely splin- 
tered volcanic glass. Slight oil show. 


TROLO teeta eee Core of sand as described at 1,400 feet but slightly coarser. 
Slight oil show. 
TES OLLeC LEER eet Core of material like above. Nothing to indicate its age. 


Slight show of oil. 


The absence of Foraminifera, and especially the reworked Fora- 
minifera so characteristic of the Miocene, strengthens the belief that 
the Pliocene still prevails at this depth. 


STRUCTURE 


There have been a few unsatisfactory deep tests made at Welsh, 
some on the structure, but the majority either on the flanks or en- 
tirely away from it. The wells are tabulated as shown in Table IT. 

None of the deeper wells reached salt, nor did they encounter 
structure peculiar to the typical domes whee the salt core ap- 
proaches the upper horizons. The log of Welsh No. 3 shows about 
200 feet of rock or limestone, as indicated in the accompanying sec- 
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tion, but no other well in the area records more than thin breaks of 
rock. Welsh must be classed, therefore, with such fields as Goose 
Creek, Orange, and Edgerly, until more thorough and deeper pros- 
pecting justifies a change in its status. 

After plotting the logs for the two cross-sections of the field as 
shown in Figures 3 and 4, it was found that the only datum plane 
that could be used was the first oil sand, as no other formation was 
uniform enough to be correlated. Even this horizon has proved to 
be rather unsatisfactory, although immediately overlain by a fairly 
constant bed of gumbo which could be used in conjunction and as a 














TABLE II 
: Subsurface Depth 
Company and Well Location Contous (Feet) 
Producers! On Cott. aenecoe seis ince Lot 26) Block7aSecw28, SW Ol fields | saancenreseiis ee 2,860 
Republic) Prod. (Cons... acceciesets Lot 36, Block 5, Sec. 21, SW. of field | Contour 1,250 4,002 
Prodticers’OulGo Pe Shs cyete va nrererctaveiste Svoirailroaditrackss Pee 3,000 
Guffeye Pets CosINOna tails steleeinis rie Lot 1, Sec. 22, N. of field Contour 1,000 2,542 
Guttey: PetalConNon 2. rade ae Lot 71, Sec. 22, S. of field Contour 1,025 2,446 
Gulf Prod. Co. No. 1 Wright........ Sec. 9, 2} mi. N. of field Contour 1,875? | 3,511 
Gulf Prod. Co. No. 1 Miller........ Sec. 22, r mi. NE. of field Contour 1,640? | 4,481 
Rio Bravo Oil Co. No. 605... ..| Lot 43, proven area Contour 975 2,040 
(Gnd Operetta Noa a deee Sea A er ..| Lot 62, Block 6, Sec. 21 Contour 1,000 2,800 
MSUCAS CL GY 0 creas csis cose vs 2 eee coke osets ©: cume Lot 19, SE. edge of proven area Contour 975 3,200? 
TOOKStENA) Ace ates arcre dite cere cist Giens Lot 22, SE. edge of proven field Contour 1,000 | Drilling 
Wrelsi@areby Cote a an oo etereisloners Tod bloc we NW.otneld: | (Blower aeoee ey, 3,500 
Rey POE ep Gb oral te Satrinvec wien Lotsa blocks NWieotteld 9) {Sas ee te 3,700 
le einsiel Gis vce serach ne ainietdineie Lot 4) Block @Wjoffeld © | |osia hetceaesas 2,640 
Avery & Martin, Todd No. 1....... SPicquartermoecs 27 ere ttocriatrslen 3,100 
Welsh Oil & D. Co. & Getty........ SRAquarterSeCn27 (A netAnad natures 35315 


check to give the interpretation of the subsurface structure pre- 
sented. 

From the evidence available, the more abrupt dips appear to be 
to the southeast and southwest. Additional data may change this 
conclusion. The rate of dip appears to be somewhat as follows: 

Center to north at the rate of 143 feet per mile 

Center to east at the rate of 264 feet per mile 


Center to south at the rate of 1,000 feet per mile 
Center to west at the rate of 417 feet per mile 


From data obtained by the well logs both in the field and on its 
edges, as shown by the subsurface contours and also by the varying 
thickness of the Beaumont clays, it is apparent that the upward 
movement has been of slight degree and intensity. The wells quite 
distant from the field are reported to have encountered surface beds 
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of clays 200 feet and more in thickness, while within the producing 
area these clays are much thinner. Mr. Kennedy states that there 
is an 

overlying deposit of yellowish clay varying in thickness from 63 feet in the Rio 
Bravo Oil Company well to 105 feet in the Welsh Company No. 3 and 104 feet 
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SCALE!- VERTICAL & HORIZONTAL 








Fic. 3.—North-south structure section through the Welsh oil field, along line 
A-A’ of Figure 2. 


in the Rio Bravo No. 1. At the western or southwestern end of this ridge the 
clays thicken to 200 feet and more and the same condition appears to exist 
toward the northeast. 

It thus appears that there has been movement subsequent to the 
deposition of the Beaumont clays. If there had been movement 
prior to this, the Lafayette formation should be noticeably thinned 
toward the top of the dome, but if this is the case, it cannot be de- 
tected from the well records. The thinning of the Beaumont clays 
is not of great amount, and the fact that the elevation still appearing 
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at the surface has not been entirely eroded to the level of the sur- 
rounding plains is indicative that the movement has been of recent 
date, or that there has been subsequent movement, possibly still in 
progress. 

The sands that furnished the major production were at the 1,000- 
foot horizon, were of relatively flat contour, and lay just below 
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SCALE:- VERT/CAL & HORIZONTAL 





Fic. 4.—West-east structure section through the Welsh oil field, along line 
B-B’ of Figure 2. 


gravel beds of Upper Pliocene age. The deeper drilling, both of early 
and late years, has furnished no positive evidence of either litho- 
logic or paleontologic nature to indicate that the Lower Pliocene has 
been penetrated and the possibilities of the Miocene explored. 

The relative flatness of the known oil horizon and the surface 
evidence furnished by the thinning of the Beaumont clays indicate 
that the slight doming of the upper strata may be only the reflex of 
more pronounced movements at greater depths. It is possible, there- 
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fore, that the lower formations may be found in a much more char- 
acteristic state of dome structure, and the deep sands, under these 
circumstances, may be reservoirs. 


OIL AND GAS 


Gas is found in the same sand as the oil, and at times under con- 
siderable pressure. The first serious blowout occurred in the second 
well drilled. Since then, several wells have blown gas with quanti- 
ties of sand. The pressure was quickly exhausted, however, and 
there were no wells in the field classifiable as gas wells. 

Only the upper portion of the sand contains oil, the lower part 
being filled with salt water. Most of the wells flowed for a few days 
when brought in, some as much as 200 barrels per day, but this initial 
production quickly settled down to about 15 barrels on the pump. 
Two wells are reported to have produced for five years, and well 
No. 1 on the Rio Bravo for eight years. Asa rule, however, the wells 
did not have a long life and usually had to be abandoned within a 
year, as may be seen by production curves for the individual wells 
(Fig. 6). 

Mr. Kennedy states that the oil from the Welsh field is character- 
ized by its heavy gravity, dark color, and the faculty of retaining 
water in an emulsified form longer than the oils from other Coastal 
fields. From 14 to 21 per cent water remains in the oil until separated 
mechanically, the separation being fairly readily performed. At 
times a little fine-grained sand is found in the fluid. 

The oil is all of low gravity, but it varies in different parts of the 
field, the comparatively lighter oil being found in the central portion. 
Oil from the McFadden well (near the margin) had a gravity of 11.5° 
Baumé, the Central City well near by, 12° Baumé, while wells of the 
Rio Bravo, near the center of the field, had a gravity of 17.5° to 
19.9° Baumé. When the water is extracted, oil of 17.5° Baumé has 
a gravity of 19.5° to 23.5° Baumé. This oil has a turpene base. 

Oil when freed from water and having a gravity of 19.5° Baumé 
showed a flash point of 225° F. and burning-point of 275° F. The vis- 
cosity as compared with oil from Spindletop at a temperature of 
70° F. is demonstrated in a comparative test of these two oils as 
shown in Table ITI. 
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During the years that Welsh was productive, a large percentage 
of the production was used by the Southern Pacific Railroad for 
journal oil. Owing to the high flash point, high fire point, and the 
high viscosity, it was very desirable for that purpose. 


DRILLING METHODS 


Rotary drilling-rigs similar to those employed in the early days 
in all Coastal fields were used at Welsh, and they were used in the 
same carefree manner that»characterized drilling operations at that 
period. 


PRODUCTION DATA 


Figures for yearly and monthly production and for completions 
are obtainable from the annual reports of the Mineral Resources of 








TABLE III 
Spindletop Oil || Welsh OW | Galena Engine 
Gravatyiaeea. trae 22° B. TOMS mbes 2nnoy Be 
Hlashypoimitsaeey ee ee 180° F. 2550 le 
Hire pout ane eee 200° F, 255° F. 


Viscosity at 70° F..... I sil 4.65 


the United States. After 1917, Welsh produced so little oil that its 
production has not been listed separately; so from that year, only 
estimated figures can be given. What has been pumped from the one 
or two wells since 1919 has been readily consumed for fuel by the 
local rice farmers. Up to 1917, the oil bought or produced from the 
Welsh field was piped by the Rio Bravo Oil Company to a siding 
near the field and run through a cleaning-plant before being used for 
car-journal oil. Curves have been plotted for yearly production and 
for the yield of characteristic wells (Figs. 5 and 6). 


FUTURE OUTLOOK 


From the fact that the production of this field in the upper hori- 
zons has been practically exhausted, and from the fact that the few 
deep tests made in the past have offered little or no encouragement, 
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this field has lain dormant, and the general impression prevails that 
it is a closed chapter in oil history. 

An analysis of the evidence and production so far obtained and 
an analysis of the operations in the past, viewed particularly from 
the standpoint of modern methods of testing cores of sands, leaves 
the results of the deep tests made in the past open to doubt as re- 
gards determinations of the oil-producing possibilities of the sands 
encountered. 

The hypothesis is certainly admissible that the Lower Pliocene 
or Upper Miocene sands, when explored by modern methods, as at 
Orange, will probably approach more typical and favorable condi- 
tions for accumulation of oil and gas; and it is believed that the 
occurrence, quantity, and quality of the oil and gas so far recovered 
(apparently from Upper Pliocene sands) is indicative of larger and 
deeper deposits. See Table IV. 


TABLE IV 


ANALYSIS OF PETROLEUM FROM 
WELSH, LOUISIANA 





Color gatas eee ieee Olive Green 

Odors Sreiraas devas oct ee Pleasant 

SPECI BTA VEY wae cars sere en ieetre 1OR2 ew BatloOm Le 

Miscosity seated. e oer erate 36.8° 

Naphthalene: amie I.05 per cent 

Lluminating oils. s mcr 30.07 per cent 

Lubricating oilssrrcene eats 65.38 per cent 

Coke yeassand lose se, ate ey 3.50 per cent 
100.00 


F. C. Thiele, Beaumont, Tex., analyst. This oil is entirely 
free from sulphur. 
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List or WELLS IN THE WELSH FIELD, JEFFERSON Davis 


ParisH, LOUISIANA 








Sand | Produc- 





Company Well 
eye nevars is atalavial cicrelovs letste'elsters Hilltop No 
Sais eke eteevele aaivle. hav eeremieare > Hilltop No 
pheleraraialaoretayeueusvecatavete is acatelers Hilltop No 
Biter ever oaisiniese Rteceieiete orale Hilltop No 
Southern Pacific Co....... =P No 
Southern Pacific Co....... Sil No. 
Southern Pacific Co...... Sees No. 
Metropolitan Co......... Metrop. No. 
Welsh O. & D. Co... ae Ko 
Welsh O. & D. Co. No 





















Remarks 





7 ft. of oil sand 
Junked 


Dry hole 


Abandoned producer 
Abandoned producer 


Bo. 
.2 
5 
bith 
eae 
2 
3s 
I 
er 
. 2 
Welsh O. & D. Co. No. 3 Blew out at 1,100 ft. 
Welsh O. & D. Co.. ne No. 4 Pumped 
Southwestern O. Co...... No. 1 Grae 3% hours 
Boss-McFadden.......... No. 1 
MROXASHC Ome Comriasrs te ents No. 1 Dry hole 
DecatwiO! Corcnere a. sc No. 1 Dry hole, oil at 1,400 ft. 
(Colo Nexo aeriee siesta No. 1 Abandoned producer 
Brown-Lively............ No. 1 Dry hole, no oil 
RAD ED nine we stacie ety seer as No. 1 
WeelshiOs & DD! Comes. coe No. 5 Dry hole, 200 ft. oil sand 
siepebsteysietstaverstevaysie ela siayisiacers Butler No.1 Abandoned producer 
oo erios Nowa cca Butler No. 2 Abandoned producer 
ae attstececaisvalstd =e etacave ei oiat=i = Butler No. 3 Abandoned producer 
iiberty's-.c\OliCor 3.2. Liberty No. 1 Abandoned producer 
Liberty!s2& O: Co: 3... Liberty No. 3 Show of oil 
G@xescentiOn Co-cmecaniesr Crescent No. 2 Show of oil 
Liberty S. & O. Co....... Liberty No. 2 Show of oil 
CrescenViOul Co ze anjecse No. 1 Show of oil 
Crescent OiiGorr aar-ssn- No. 3 Show of oil 
GreseentiOil Co-c.cyes 0 No. 4 Show of oil 
Scoggins, Jeter & Hack- ; 
WOLtHaeriae weer eee No. 1 Pumping intermittently 
IBUliros On Cop srastsicc coe No. 1 
Bae rog) Os Cony cm vier cler No. 2 
Metropolitan............ No. 3 
Southern Pacific Co....... No. 4 
Metropolitan Co......... No. 2 
Sinihis!Ou Co. en. feels s No. 1 
Republic Prod. Co. ; No.1 
R. C. Duff e al. No. 1 
Welsh Oil Corp. ae No. x . 
Welsh Oil Corp..... AO No. 2 No show of oil 
(Gu ey Nateerecsle sie ctececorsiere ts UNO eT aal sisterseeisis: ists year i| eleieielorersta|| ssayetelers 
GUE Seties case.cee ss costs INCOR 2 lates ote wie:| cage te ar|] evaerslalajaie |lavetsrs eke 
peosutta, Jeter & Hack- 
Tibety Sate OnCOsse uel: INH hl Gah otal aatscool locamemod lebaboe : 
Flying Dutchman O. Co... No. No show of oil 
Aine DO UOOE TID DBO OG One Spindle- 
to No. Show of gas at 1,000 ft. 
Bhd Geta catetiresd che ots taiate tals ipl tehe Inference ogall np enoke No trace of oil 
Gmith aS witzer lef Gl somo lusesimernenien Reported that the driller 
said the formation was 
very much broken up 
and he did not go 
deeper on this account. 
Exact location not de- 
termined 
SUN OOner selon nerve ssieless No. 1 
Higgins Oil & Fuel Co.... No. 1 
Central City No. 1 
Central City Beal 
Central City We ite 
Peter Lamp.. Pee 
S. Keoughan.. ay AE 
Ala.-Southwestern. an ; nee |[oe 
Ala.-Southwestern........ 2 ra 
Ala.-Southwestern ; Paul ee rae 
Gulf Prod. Co............ l bet dlod seeeee 
Gulf: Prod’ Cote. ...sicie Hee 
Se eh te eS ee ee ee ee 


Total, 61 wells. 


THE SULPHUR SALT DOME, LOUISIANA 


P, K. KELLEY 
Houston, Texas 


ABSTRACT 


The sulphur salt dome in Louisiana is a typical Gulf Coast salt dome, but is ex- 
ceptional in its small area, about 75 acres, in the very great thickness of the cap, about 
1,000 feet, and in the richness of its deposit of native sulphur. The cap is composed of 
anhydrite and a mantle-like mass of “lime” rock covering the top and flanks of the 
anhydrite. The sulphur is found as a secondary mineral in the transition zone between 
the “lime” rock and the anhydrite and has probably been precipitated from hydrogen 
sulphide or metallic sulphides in solution. After a long history of vain expensive at- 
tempts to mine the sulphur, the Frasch process was perfected, by which the sulphur is 
melted in place and pumped in liquid form to the surface. The total production to date 
has been about 9,000,000 tons of sulphur with a gross value of $150,000,000. Small 
amounts of heavy oil were encountered in the early sulphur wells, but not in com- 
mercial quantity. The flanks have not been well tested for oil. 


INTRODUCTION 
LOCATION 

The salt dome in Calcasieu Parish, Louisiana, operated for 
sulphur by the Union Sulphur Company, is in the north half of 
Sec. 29, T. 9 S., R. 10 W. It is $ mile north of the main line of the 
Southern Pacific Railroad, ¢ mile from the Old Spanish Trail high- 
way, and 6 miles from the Kansas City Southern Railway. The 
nearest town is Lake Charles, 13 miles to the east. The village of 
Sulphur is 23 miles distant. The sulphur mine is served by a short 
railroad line, the Brimstone Railroad and Canal Company, which 
connects the property with the two lines. 


HISTORY 


The locality first attracted attention because of a petroleum seep. Just 
before the Civil War, Dr. Kirkman, a local physician, drilled a well in the south- 
east corner of Section 19. This location happened to be some 1,500 feet away 
from the dome. In spite of primitive methods, he pushed down to below 450 
feet, where gravel stuck his pipe and put an end to the enterprise. 

After the war, the Louisiana Petroleum and Coal Oil Company drilled a 
well 1,230 feet deep into the cap rock, a log of this test given by Hilgard and 
Harris' being as follows: 


*G. D. Harris, U. S. Geol. Surv. Bull. 429 (1910), p. 100. 
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TABLE I 
Loc oF WELL oF LouISIANA PETROLEUM AND CoaL Ort ComMPANY 











Feet nia Fer op nat 
Welloweandibluciclayzreretie iter ee 160 160 
Gray andeyellow sand sansa scien naa: 173 333 
bine TOcksataaaeeme rye are cee ee reel a eee oes 333 
SUS Garey nNEHONS. ng a ghedouuanonwonnomede’ 50 383 
Whitexcrumblingdlimestones.-..2 ase oe 65 448 
LAUDE TEND Nuh gone Gan aia Geel ceMe can sennheiser eee 203 651 
Gy psumlicontaining supine ree eee ee 39 690 
Gypsum containing large percentage of sulphur... 440 I, 130 
Gypsum contamingesulphuten pie ne aricieriee a e 100 T2220) 





After discovery of the sulphur, various efforts to exploit it were made. A 
company financed in France undertook to sink a shaft to the mineral. Elaborate 
equipment, including large-diameter iron caisson in sections, was shipped from 
France, unloaded on the west bank of Calcasieu River, whence it was hauled, 
dragged, and rolled to Sulphur Mine. Before all the rings had left the river 
bank, the shaft encountered quicksand and filled up with water and hydrogen 
sulphide gas. After several men working in the bottom of the excavation had 
been killed, the French syndicate quit, with a loss of nearly a million dollars. 
Nothing remains of their enterprise but one of the huge iron rings, which is still 
reposing on the bank of Calcasieu River with a pine tree 2 feet in diameter 
growing through the middle of it. 

Some years later the American Sulphur Company undertook the same work 
with more modern methods. After many vicissitudes and the expenditure of a 
large sum of money, they found themselves fighting a losing battle with quick- 
sand and went for advice to Mr. Herman Frasch, a chemical engineer of wide 
experience, especially in the fields pertaining to the refined products of petroleum 
and salt. In 1892 Mr. Frasch conceived the idea of melting the sulphur in the 
ground and pumping it out as a liquid. The property had lain idle after the 
various ineffectual attempts to develop it and was not regarded as much of an 
asset by its owners, at that time the Louisiana Sulphur Mining Company of 
New Orleans. Negotiations by which the Union Sulphur Company acquired 
title were completed in 1893, and Mr. Frasch started work on his problem. 
Drilling and experimental equipment uncovered many unsuspected problems, 
both in the physics of the method and in the geology of the deposit and neces- 
sitated endless changes in the mechanical devices applied to the exploitation of 
the sulphur. After ten years of discouragement, the property was put on a 
commercially producing basis by means of what is now known as the Frasch 
process. No history of this operation, however short, can be complete unless it 
includes a tribute to the courage and perserverance of Herman Frasch, the 
father of the American sulphur industry. 

Since 1903, the property has been in successful commercial operation. 
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PHYSIOGRAPHY 


An attempted restoration of the principal topographic features 
of the district to conditions before changes. effected by the mining 
operations of the Union Sulphur Company is given in Figure 1. 





























Reconstructed Toposrophic Map 
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Before the surficial irregularities of the region were rendered less 
apparent by artificial drainage, a magnolia-studded ridge, later 
called Sulphur Mine, projected southward from the southern edge 
of the piney woods into Sulphur Mine marsh. This marsh, now 
drained and tilled, was formerly a shallow intermittent lake, some 
8,000 acres in area, grown up with lush bamboo. The ridge itself 
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was not high. The Marsh level is 14-15 feet above sea-level, and 
the highest portion of the ridge was not over 7 or 8 feet above the 
marsh, 


























bane! —e- 


Fic. 2—Map of wells drilled on the sulphur salt dome, Sec. 29, T. 9 S., R. 10 
W., Calcasieu Parish, Louisiana. 





Two peculiarities distinguished this ridge. The first was a 
petroleum seep or spring, the position of which is indicated in 
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Figure 1. This seep was perennial and was not affected by rainfall. 
The volume of fluid was very small. The second was an “‘alum well,” 
or seep, at the edge of the marsh, on the extreme western side of 
the ridge. There is no record of any analysis of this water. No cil 
accompanied this flow, but there was some gas. Its astringent 
quality was no doubt due to a small admixture of sulphuric, or, 
more probably, sulphurous acid. The water oozed to the surface 
over a soft, mucky, grass-covered place some 12 or 15 feet in diam- 
eter: 


GEOLOGY 


Sulphur Mine has the smallest cap-rock area of any of the coastal 
domes. At 1,100 feet below sea-level its area is approximately 75 
acres. It is almost perfectly circular in plan. 

Figure 2 shows the wells drilled to date, 661 in number. The 
large number of wells drilled into the cap rock makes possible a 
contour map of the dome top, graduated to a smaller scale than 
usual. Contours on the top of the cap rock are shown in Figure 3; 
they are accurate in a general sense, but may vary from the original 
form of the cap rock to the extent that the figures supplied by more 
recently drilled wells are affected by possible subsidence, due to 
the removal of the underlying sulphur. 

A typical well log, from the surface to the top of the cap, shows 
an ordinary section of blue, yellow, and red clays, alternating with 
sandy clays and sands, to about 250 feet (Beaumont clays), where a 
fine water-saturated sand is encountered, and then Lafayette gravel 
to the cap rock. The elevation of the top of these gravel beds is 
affected very little, if any, by the upthrust of the dome immediately 
below them; on the flanks of the dome, however, they are from 100 
to 300 feet thicker than on the top. This situation suggests the 
possibility that the top of the dome was exposed at the surface, 
during a part of Lafayette time. The writer has examined hundreds 
of cores from this cap rock, but no fossils have been found. There 
has been insufficient drilling around the sides of the dome to supply 
paleontological evidence, should any exist, as to the period or 
periods in which uplift occurred, except that the inception of the 
movement antedated Pleistocene time. 
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The four cross-sections, Figures 4, 5, 6, and 7 show the steep 
quaquaversal dips, and characteristic structure typical of the true 
salt dome. The sections are generalized. The transition from cap 
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Fic. 5.—Sulphur salt dome, Louisiana, northeast to southwest section 
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Fic. 7.—Sulphur salt dome, Louisiana, northwest to southeast section 
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rock to sulphur-bearing rock, and from the latter to gypsum 
and anhydrite, although abrupt in places, most commonly is 
gradual. 

The truncated top of the salt core is nearly level. Wells drilled 
1,500 feet apart, with a difference in the elevation of the cap rock 
of several hundred feet, find the salt about the same depth, ice., 
1,460-65 feet below sea-level. No deep wells have been drilled on 
the sides close to the salt core, but the information obtained from 
shallow drilling indicates steep dips. 

Unusual thickness of the cap-rock series marks this dome. The 
thickness of the cap rock superimposed upon the top of the salt core 
averages about 1,100 feet, of which some goo feet is non-sulphur- 
bearing, practically pure anhydrite. The sulphur-bearing rock lies 
like a mantle, covering the top and sides of this anhydrite. 

Different sections, perpendicular to the surface of the cap rock, 
whether on the flank or the top of the dome, display approximately 
the same thickness of sulphur-bearing formation. The gangue in 
the sulphur-bearing zone includes limestone, dolomitic limestone, 
anhydrite, and gypsum. There is a gradual vertical transition from 
limestone at the top of the zone through a mixture of limestone, 
calcite, gypsum, and anhydrite, to pure anhydrite at the base. The 
sulphur content is extremely variable; locally, the deposit ispure 
sulphur, but at the base of the zone it may contain as little as 1 per 
cent sulphur. 

Over the sulphur-bearing rock is what the sulphur operator calls 
“cap rock,”’ the nomenclature differing from that of the oil operator, 
who calls the entire rock series above the salt cap rock. The charac- 
ter of the cap rock at Sulphur Mine varies considerably, and consists 
in different places of the following: practically pure limestone im- 
pregnated with oil; limestone with calcite-filled cavities and veins, 
sandy limestone (one sample analyzed 48 per cent silica; the sand 
grains were cemented with calcium carbonate), and dolomitic 
limestone with magnesium content less than that of a true dolomite. 
All these may occur in the same vertical column of cap rock, with 
no uniformity or continuity, even as between two closely adjacent 
wells. 

It is interesting to note that this upper cap rock contains little or 
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no gypsum. The depositon of sulphur crystals is apparently largely 
confined to the zone which marks the transition from the non- 
sulphur-bearing limestone cap to the non-sulphur-bearing anhydrite 
immediately overlying the salt. Unless the transition zone is present, 
no sulphur is encountered; the volume of the sulphur deposit varies 
directly with the thickness of the zone; and the richness of the sul- 
phur deposit varies directly with predominance of carbonates over 
sulphates in the gangue. Other factors are important, of course; 
porosity, polysulphide waters under hydrostatic head; the presence 
of hydrocarbons, possibly some catalytic agent, all of these fit into 
one or more of the various theories for the origin of sulphur; but 
to the writer’s knowledge, there does not exist in any dome a com- 
mercial deposit of sulphur where there is not also a considerable 
thickness of this transition zone. It therefore behooves the sulphur 
prospector to search out the thickly capped domes: where the entire 
cap-rock series is thin, the transition from the carbonate series to 
the sulphate series is abrupt, if indeed any carbonate is present at 
all, and consequently but little sulphur will be found. 


OIL AND GAS 


Wells drilled on the outer rim of the cap rock have passed 
through ledgelike projections, jutting out from the main body of 
rock. Between these projections lie sands and clays. Some oil oc- 
curs in these sands, but so far no effort to exploit the flank for oil 
has been made. In the early stages of the sulphur mining, two or 
three wells drilled into the top of the cap produced some heavy 
black oil. One well tapped the original gas pressure accompanying 
the oil, and flowed for a day or two at the rate of several hundred 
barrels per day. As soon as the gas pressure was relieved, the well 
started making sulphide water, and it was soon apparent that this 
well had about exhausted the cap-rock oil. This “gusher” gave rise 
to many erroneous ideas concerning the existence of a proved field, 
and kept the Sulphur Company busy denying wild rumors for several 
years thereafter. 

SULPHUR 


Various articles in the technical press of the country have 
described the Frasch process. Briefly, it provides for melting the 
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== 
sulphur im situ by means of superheated ae 
water. The liquid sulphur is then brought 
to the surface by an air lift. The typical 
equipment, shown in Figure 8, can be 
modified to accommodate the special peculi- 
arities of the well section, e.g., as to lean- 
ness, richness, or continuity of mineraliza- 
tion and presence of cavities. It permits 
egress of superheated water at any one of 
three different horizons in the sulphur- 
bearing zone, or all of them simultaneously, 
at the desire of the operator. 

To conduct a mining operation at any 
major deposit requires an installation of 
from 15,000 to 30,000 boiler horse-power, 
and accessory equipment, consisting of 
heaters, pumps, pipe-lines, drilling rigs, re- 
ceiving vats, railroad, oil and water storage, 
a water-supply of 10,000,000 gallons daily, 
etc., so that the initial expenditure is heavy. 
After the investment is made, sulphur re- 
covery on a commercial basis is by no means 
certain; in fact, sulphur-mining is a much 
more hazardous business than producing 
oil. Once successfully on the way, how- 
ever, it pays handsome dividends. From 
Sulphur Mine there have been produced 
about 9,000,000 tons of sulphur with a 
gross value of about $150,000,000. 

Principally contributing to this large 
total is the higher price obtained for the 
product during the period the Union Sul- 
phur Company had a natural monopoly 
on the American market. The present 
average per ton price is considerably lower. 

Logs of two typical wells, (1) on top 
of the dome, and (2) on the side, follow: 





Fic. 8.—General assembly 
of a sulphur well 
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1. RECORD OF TYPICAL WELL ON TOP OF DOME 


Depth in 
Feet 

Sands, clays, and gravels...... 1-443 

Eime-rock# chee ee ees 443-695 

Limestone and sulphur........ 695-696 

Porous, lost returns..........- 696-710 
Limestone, gypsum,* and sul- 

PHUIss (Core) eee EEC enn 748-740 
Limestone and fair sulphur, 

(Core) essere et erect eke 770 
Limestone, gypsum, and sul- 

olagete (COND); qupooosaedanac 789-790 
Limestone, gypsum, and _ sul- 

pluuites (COLE) kee eeyaeererern ere 809-811 


2. RECORD OF TYPICAL WELL 


Depth in 
Feet 
Sands, clays, and gravel... 540 
Tbimestoneat aa scasen wei 540- 660 
Limestone, becoming por- 

OUS Tagteesisioasteere s/o ches 660 
Sulphur crystals first appear 660 
Limestone and sulphur.... 660- 666 
Cavitiestec arrows 666- 667 
Limestone, some sulphur... 667- 676 
Cavityin eter ane eerocian er 676- 680 
Limestone, some sulphur... 680- 800 
Limestone and little sul- 

PHUTACOre ema aeeniaetae ior 800-802 
Limestone and little sul- 

PUUTNCOLCsaseee eee ore 825- 827 
Limestone and little sul- 

PAUT COLGa rea ernie 861-— 862 
Limestone and little sul- 

PHUTNCOLen sae ae 886- 888 
Limestone and no sulphur, 

COLCM en: ceactneeetetelenae cere QII- gI2 
Limestone and no sulphur, 

COTO Aaya teres nei ietne ae oe 936- 937 
Limestone and no sulphur, 

COLE fe stoke nvovisolets Steeles 961- 962 
Limestone and no sulphur, 

COLES tiie rsrcan eee dee i 986- 988 


Depth in 
Feet 
Limestone, gypsum, and little 
Stlph utes (GOrC)aee eee 829-830 
Gypsum and little sulphur, 
(COLE) ike eee ae ae: 849-851 
Limestone, gypsum, and _ fair 
Sulplruis (Core) Maer 869-870 
Limestone, gypsum, and good 
Sul phuna(COre) Meee eee 889-890 
Limestone, gypsum, and _ sul- 
paure (Core) seen ree 907-909 


Gypsum and no sulphur, (core). 927-929 


Motalideptheesamreanerte 939 
ON THE SIDE OF THE DOME 
Depth in 
Feet 


Limestone, no sulphur, core 1,010-1, 011 
Limestone, no sulphur, core 1,030-1,031 
Limestone, little sulphur, 


COLE LS  aixtavsio tee ato aie sel I,055-1,056 
Limestone and little sul- 
PONY, COWS nosddcneeos 1,080-1 , O81 


Limestone and very little 
Sulphur cores: ete 
Limestone and fair sulphur, 


I, 105-1, 106 


COPC pa amicie cencn tera ees i, 130-1, 131 
Limestone and good sul- 
(MUS COS so oeonocosae Ty, 155-1, 150 


Cuttings, little limestone, 
extra good sulphur...... 
FATES Up Uta ere 
Cuttings, limestone, gyp- 
sum, and good sulphur. . 


I, 156-1, 181 
I, 166-1, 168 


I,168-1,192 


Limestone, gypsum, and 

little sulphur, core...... I,192-1,198 
Limestone, gypsum, and 

good sulphur, core...... Te 200-2 07) 
Cavit Vinectatiesnasie ree oly -t.209 


Limestone and gypsum and 
good sulphur, core...... 
Most returns ate eee 
Limestone, gypsum, 
Aiko, CH ecowansaac 


i, 241-1, 242 
T, 254 


I, 265-1, 266 


* No effort was made in this log to differentiate gypsum from anhydrite. 
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Bee Pte 
Limestone, gypsum, and WWosticorevats mee crises 1,425 
. ae COI€...... UpAVS— 20} Dyalihiner Cleneh cn nooedec 1,455 
i ney Pmt and Gypsum, and no sulphur 
good sulphur, core...... TE ASHE EY ; Dba 
Cr ae ee Sa tees (S0}ask, moe need me Ceo I,459-1, 461 
Gypsum, limestone, and Gypsum, and no sulphur, 
good sulphur, core...... 1, 374-1, 375 COLE Mer taemras teehee 1,474 
Limestone, gypsum, and SalGaee ree aoe te yas © 1,480 
good sulphur, core...... i 400-16402))) Depthion holes amass: 1,610 


ORIGIN OF THE SULPHUR 


A great deal has been written both at home and abroad on the 
origin of the sulphur. A short bibliography is appended for the 
benefit of those who care to go into the more important chemical, 
geological, and physical hypotheses thus far brought forward. 

Some of the factors upon the presence of which the existence of 
sulphur is conditioned are: (1) a relatively thick cap-rock series, 
with thick mass of carbonate overlying the gypsum-anhydrite; (2) 
a relatively thick transition series between the two, partaking of 
the character of both; (3) great porosity in the transition series; 
and (4) polysulphide waters circulating in the porous rock. 

Regardless of how the cap-rock series in general is formed, 
sulphur is unquestionably a replacement material. The weight of 
the evidence indicates also that the actual precipitation of sulphur 
crystals occurs only from the sulphides, either as pure gases, as 
gases in solution, or as metallic sulphides in solution, principally of 
the calcium-magnesium group. 

Analyses of the mine drainage water for two typical wells 
follow; the drainage water consists of a mixture of the “wild” 
waters naturally present in the rock and the fresh water pumped in 
during the mining operations. 


1. ANALYSIS OF MINE WATER FROM 
SULPHUR DOME 


WMemperatuvle tear aeacre nat oer 150-195° F. 
SAlGaceerer eaxsere Mcrae cheletecona iets 50-1, 000 grains per gal. 
Sulphum misulpliid esaeeutsr rire: 50- 200 grains per gal. 


Notalesolids rua irtsraecicicter- 150-1, 500 grains per gal. 
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2. ANALYSIS OF A TYPICAL WELL LOW IN SALT 
(WELL No. 328) 





To talisolidstasssevetn kates ost eee aet ket meer tes 190.74 
Tron and alumina F.c0;, ALO; (Fe 203, Al 203).. 0.60 
Silicas(SiOs)e wevvacyseeea seve vareuhe ries tae aero ens 3.60 
Salta(Nial@l) Mera eateeeicrc ns sae eon errs eiirire aes 41.40 
Caleinmismlphidey(CaSO,)e eee eer 114.48 
GCalciumyi@axbonate) (CaCO; eee ee 22.51 
Sulphuminisulphidess (S) ews sreieeancreenctotc et nonteneaees 5.10 
Ronitiongloss nots uilo nunarrr ie etistttlrm errr 2553 

190.22 


Waters high in salt are low in sulphides, and vice versa; waters 
with a high salt content have also a high sulphate content; and as 
these two constituents increase, other salts diminish until almost 
all the total solids consist of calcium sulphate and sodium chloride. 
Magnesium commonly is present but only in small quantity. 


OIL POSSIBILITIES 


Two deep wells have been drilled on the west side of the dome, 
one in Section 19 by the Louisiana Exploration Co., and one in 
Section 30 by the Consolidated Sulphur and Oil Company. The 
locations of the wells, neither of which was productive, are shown in 
Figure 1. The logs of the wells are as follows: 


LOG OF HUNTER No. 1—LOUISIANA EXPLORATION COMPANY* 
CALCASIEU PaRriIsH, LOUISIANA 


SE. cor. SE. § SE. } or Src. 19, T. 9 S., R. 10 W., Catcastreu ParisH, LouIsIANA 


Depth Depth 

in Feet in Feet 
Redtcla yi pwr chon eran Hes “ACRROCils 6 socaetonmehbeboauns 490 
Elandsbrokentsand nearer Ay, sandlandsicumboseiseiere cietere 550 
Clayzandvnardisandiaen esses se 77 en GuIMbOranderrayelanaeeni eee 620 
GUMDOMse er hoes cee rey? ASN gal equi). noose eonoonnencec 628 
ardisan dees. ee ie artes LOS) Gravel oun eht oven enter 647 
Quick sand, clay breaks......... DO MAXON TSIEN, oo cisong ooo hon ee 663 
Gumbomen enter sc ante rei ene 236) Hard sand:and eravel enna 690 
StilticlayAsee cn Atenas er ce Cfo JHINSSMNSS so odgacanqounesadodes 729 
Stillkclayitere noe ocr e emer BES. MIMS ATEN. ooo aosoussocoodceer 750 
Sand Rarweh macs eee ere 305) ePacked| sand inven nee 756 
Sandlandsevdy7el ae erence AlGmeetiarc soro<enhcan deen erent 778 


* Shells showed continually in cuttings from 2,987 to 3,390 feet, inclusive. Tested salt water. After 
pulling liner ran steel line 2,824 feet to bottom of hole. 
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Depth 

in Feet 
Lope ariel, anaaahnoonoonbeces 785 
Blue cum bOl eer ats eee ee 809 
Soltsrayssand rocks. weer 812 
San cit Ockmme eae. why eer 815 
iarditand(soitisand.) 20. eae 835 
MRoughvaund bowser ene smears 850 
Shale andsoumborayjoe cee 876 
AReybeed ny (eq bbetl Oe eau he ooo N soo. 880 
Guniboyand shalesweryac syne 909 
Ifdrdrand:soft shale). -ac-ineee 930 
Moughr sum bower pecan eee 938 
Hard andssoit shales wane. estes: 960 
Mourhugtinbo ws seas asene tn 985 
Sandy shale, shell, and lignite.... 1,033 
Sandyashalese menace cc rence 1,075 
ETAL GecHale amare eer neers he I,140 
Sani ciya shia le eee, abe ieee ee Gane ae 1,166 
lalhgalsiibeal oy smo or modu cig a CoO 1,197 
Shale areeene aoe erin coe ears 1,280 
Gum DO ean tern core sca veces I,250 
Shale gayest ee tao one ence 1,280 
(Cu PER UG er See, A See a a eee ae aee I,320 
Guinbowemach satin. oarierrieee 1,350 
SAUNA cay encyaetis on ake ae lores acete 1,400 
Gummbos esac eahiets pin tees Glee 1,420 
Gy Psutiee ray erik ite Selaiet oles 1,440 
(Qui eear Soe ieee cae pom 1,500 
Hard sand and blue shale........ Ty 52 
Siraleéandebowldersertteataw oiefeysene ri Tea 
KGUTIDO MN arabe einen Peder: a oes i 1,605 
Shalelandibomlderseyectr aie t iter 1,665 
(Gy PSUiningrras omnes tente ere 1,685 
IeeKelstel PANGlin ing ap as OAD nae Ae 1,691 
(CODER Sord Co onan wa Uouneee oC 1,693 
Coarse sand and gravel.......... 1,706 
Coarse sand and gumbo breaks... 1,785 
Sand, gravel, and gumbo........ 1,800 
Gumbo..... SENAY ocousu dieters estas 1,820 
Sanilac tecaleretere eer arene.cuenntotouere este 1,850 
Shaler cttan aiieecrenees ales Aotraetseetpuces 1,900 
Sottawhite socks. eis er 1,902 
GUIDO Fe sas adceitensenav a omctele eres 1,903 
Sandirandhshelleeaecimiectaneteoe rt: 1,987 
Coarse sand and gravel.......... 2,005 


White sand and bowlders......... 2,010 
ANNU RADY PAVINO.6 5 co coo dame COOK 2,020 


[SCs Ge eee tee re ra 


Sandiand eraveleeaase1 aero ia 
Gumbo and bowlders........... 


Sandiypshalewemcmeyvaks eters teres 
HMarderedishalemnme men ce ce amc 


Elardioumibotmercmmccientacciricit 
Chalk tockwecc eee cece eek 


IRedishalenm was aeomande 
Grayisandy sales. idee 
Chalkgrocle wr. cts) cuetsiscnsisb ons vs artels 
Hardishalesscrsmysevoaeerctce elt 


Am UGShCoN MOAT. 55 oboe mag besos 
Pinkeshale vs sawarraeig depcrnsvasts 
Pinlevshalesres scveacua tere Societe 
Pimlaishaleentarmuprcite teeta s oe 
Bowlders and shale............. 
Einkveuin bOmeweraae niin tector 
Rocksandspyaltespnyrtr-ccrtt tits sts 


405 


Depth 
in Feet 


466 


Depth 

in Feet 
Rockvandtpyritesenrneeacoee eee 3,240 
Gumbo and shale.............-- 3,270 
Gumbo.andichale nar see eer 3,285 
Rockandieumlbowesneten arms iaa: Bp Boe 
(Gray;Shal ens er oor ce ice. 3,310 
Gumboland pyites =e eee 3,322 
Gumborandishaleaaemene nearer Bago 
Gumboland rocker ererer rrr 3,341 
Gumbo and bowlders............ Be350 
Bowlders and gray shale......... 3,360 
Grayashaleyandishelliyaeretreer 3,380 
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Depth 
in Feet 


Gumbo, red and blue, very tough, 
pyrites and some lime in cuttings 3,433 

Hard drilling, lime, sand, shale, 
lignite and pyrites in cuttings.. 3,468 

Pink shale, lime streaks, and a little 


SANG wis payee sameeren Senne Boley, 
Time rockiay aces ae eee 3,545 
Gumboe Sedo sade eee Besse 
Mime rockie ace anaes here care 35557, 


LOG OF WELL OF CONSOLIDATED SULPHUR AND OIL COMPANY* 


SEc. 30, T. 9 S., R. 10 W., Catcasieu ParisH, LOUISIANA 


Depth 

in Feet 
Gumborandisandemesrere anes 1-534 
Blues guintbosereesss teen ot 554 
Bluershalem eerie ee 575 
Sliale gee creme eee oar 959 
Sane avn sk oct sedate apres 765 
Gumbo ene tt ee 811 
Viidtand shell see eect 877 
Shale and mud streaks.......... 1,120 
Gumbo and hard shale.......... 1,180 
Neny, touchyeumbossseeeeer eer 1,188 
Gumbo and rotten lime.......... I,195 
Sandkandishalemen ern eer ere 1,250 
Shales tense coe eae err kee: 1,270 
Binks cumibowncee ance I, 290 
Creenshalews meee eer 1,310 
Shalevandscumab Opera erty 1,352 
ineswihitersand enemies 175) 
iBlvescum bose enna etree eee 1405 
Shale twrrmceeatey te ssn crete ree teers 1,435 
Blcetaum borane ee ence aenene I,450 
Saletan cert ee ener I,470 
Gumboxsir nics te ocean ee 1,475 
Shaleandspynites eee eee 1,524 
Hard shale and pyrites.......... 1,540 
Gumbo and hard shale.......... 1,600 
Shalesandican Gaara ane eee 1,620 
Hardishalessandscasmenenenarne 1,640 


Depth 

in Feet 
Gumbota ae eo eee 1,652 
GYPSUM) J. solgoia buses eee 1,660 
Sbalexta tts cc rier eres 1,679 
Gumbo tiye Naeem ete cree I,710 
Greentshalesee ray ae eer 18 5X0) 
Gum bots aaa. eee ere 1,740 
Shale sse.07-20 as econ. tiene ea ee D5 750 
Gumbosse nee eee 1,770 
Shalevandicand sean e rere 1,790 
Gumbo and bowlders............ 1,800 
ROCK corer ate he teen 1,804 
Shale, sand, and some gas....... 1,844 
Gypsum and bowlders........... 1,882 
Gumbo aaa eee eee eee I,920 
Shalesandisand meee serene 1,047 
Gunilbor.ccasceeenecer en ten ee 1,969 
Sbalerandisand teehee eer 1,990 
FINS MUNN ccooocoshodacdo cow 2,012 
Hardishaletemeincr mgm 2,034 
Gumbo and pink shale.......... 2,055 
DOalevandspyiltes eee 2,078 
Shale and bowlders............. 2,099 
Gumboseiiee eee ent ertee 2), 027 
Shalejandipyaitcsmeren serene 2), 130 
Guinbo Seer e i ene 2250 
Shale, pyrites, bowlders, gas..... 2,182 
Gumiborandicypsuinimrrere erie 2,237 


* Set screen on December 18, rors, bottom of screen 2,876 set in gumbo. Set 6-inch 2,847 in gumbo 
pay 2,853-59. Good pay, 2,859-66. Breaks of pay in shale, brown and red, into rock 2 feet and sand to 
2,876. Set 1,193 feet of 8-inch pipe. Pay rock, 2,853—2,861. 
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Depth 
in Feet 
Soltisand tae. ae ce ae ee ee 2,265 
umDO Nera en scene eee ae 2,286 
Gumbo yred streaks, 02 sacs ase 2,320 
a esreeterres eee Ait ods ee ore gs 2,341 
Gumbo and gypsum............ De BG 
Shalevandisaids yeep see 2,381 
ROCKA eee ee Cee ate 2,383 
Sandzand:shelle wane vq asta: 2,400 
BUS CAIN Oe ese shoo dsetoonus 2,420 
Greentshalesy. an ae ee nae 2,435 
GumpOs a Nat ese Oe ee 2,450 
Shalerandysand ars gers. cece te 2,465 
(GumibOwcnmr emu wae eine ree 2,490 
(Greentsnalernere pene sere ence 2,505 
Gumbovand red shales. a... 2,512 
Redisanddysantercees hiss eee. 25515 
Redes umipop semi tam ei i series Dysed 
Shalemandisand sete coe carer 2,588 
Redsgumbpo streaks.) see a0 2,620 
Gypsum TOcKetereyer ests terest 2,625 
Gypsum and gumbos... ...) 4... 2,650 
Red gumbo and gypsum......... 2,681 
iRedjand bine shalesee scene 2705 
Redvand"bluejgumbo:-.-..2-1.-2 2,720 
Rediandsplie shalermn sserieee ce 2,800 
Tough and hard gumbo......... 2,810 
ROCK AA eet pace eo re ere re 2,811 
Sami Peasy sees ttocscuotsketachtiees eats anes 2,812 
Gumbore cet sicee ones bee ete 2AOLS 
Binkesh allen srecheue tn teiseeere cloaks ope 
Pinks shale’ cette setremen taeiarcsts 2,835 
Red andipiue SumMpoO wee ace ee 2,853 
Oil show, rotten rock,:.......-.. 2,859 
Oi Al ees Eee eon 2, 853-66 
Oilshow, cottemtockam -em ras 2,866 
GumboOssce awe aes erate 2,868 
Gypsum, brown shale, and oil 
SHOW ote beat Oconee aeresG 2,870 


Hard places, oil show, brown shale 2,884 


Rockand. oilishowm eee eis: 2, 886 
Hard sand and oil show......... 2,892 
(Cilinal lParam 2ootane sede cots 2,805 
Teel enPet, crtnchel catarenehes hence ORE eer 2,897 
Gumibotandsshalevereriiec ieee 2,932 


Tough gumbo and soft places of 
TEdeshale-merparccanis mee sates 2,942 


467 
Depth 
in Feet 
Coodsctinbowry ase eee ee 2,958 
DAG aa A Fy aes sie tee eee eee 2,970 
Shalemmixeducolonaeea a aeteee ee 2,984 
rardicinvashaleaeer eee een ree 2,904 
GuTnb one eye me ewe none 3,105 
Hardishales: ave cocky ee 3,128 
Gumiborndishalessanate ela: 3,140 
Shalewaeryscsariaeii eee creme 2,955 
Sottichale We oe set etstethr ain 3,190 
delardnshial War peae cs aitte cre rset 3,198 
Gumbo and gypsum streaks...... 3,209 
Gas rock rotten gypsum......... Bear? 
Mud and seams of sand and py- 

INNES 4 415-6 Gin OOOO Oe OOO TORO 3,290 
Gastrockr wa heen mies o teense 3,294 
Cumborandpyritess. erie cee 35343 
Tough gumbo and gypsum....... Opeisns 
Muck, shells, and muddy shale... 3,360 
Gumbo, shale, and pyrites....... Ri aie 
Gumbo and seams of shells and py- 

LI RNC Shs mei readies 6 O15 Oo odin So YG 3,379 
Shale, shell, and gas showing..... 3,392 
Gumbo and gypsum............ 3,408 
Blue shale and shells............ 3,430 
Shale and pink gumbo.......... 3,474 
Rock gypsum, gas, and some oil.. 3,477 
Shell, pyrites, mixed color....... 3,481 
Blue and pink gumbo........... 3,490 
Gypsum. Tock yas oats aeeeisiee es 3,492 
Gumbo and gypsum............ By5O2 
GumbOyce aceite aoa eee Bowe 
Gumbo, shale, and sand seams... 3,537 
Gumboy..: 3c nee nsase aocye 


Gumbo and shale break......... 3,584 


Gumbo and hard shale seams.... 3,593 
lardishalemncnrrmyanvisiracierrts tts 3,623 
(Gumlbomaemrtehiyerts incre 3,633 
Gumbo and gypsum, hard places. 3,639 
Gypsum rock, soft places........ 3,042 
Gypsum rock, upper 2 feet very 

hands cur accents etapa tere cle 3,648 
Hard shale and sand, some gas... 3,679 
Aa bean fabbembYon anacasosobouguode 3,607 
Rock, gas sboOwsn sani i ele BeOS 
Shallecey ctorua ae earine ossianetat onepareterer ai 3,730 
Gumbo and gypsum rock........ 3,780 


468 


Depth 
in Feet 


Shale streaks blue and brown sand 3,829 
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Depth 
in Feet 


Hard red shale, pyrites sand streak 4,016 


Very: tough) sumboreess ae se eee 2,835 Gypsum and gumbo............ 4,030 
Efard\shale: siistenscc sistas tee 3,884 Sand and gas (show fine)........ 4,042 
Gypsum and gumbo............ 3,910 Gypsum and gumbo, red blue 
Gypsum rock, hard and smooth, all COURT Hees nods See ee eee 4,065 
SEAMS: SAS w..iesicrciete oS evclss «a slau 3,931 Hard sand shale, blue and brown 
Gypsum and gumbo, blue very OU SHOWaAway eas toh Prtereeat ot 4,075 
Ihaind Wash gee crater vost 3,952 Gypsum and hard sand........ 4,102 
Gypsum rock, hard and seams Seams of very tough gumbo...... 4,104 
show ouland: gasan.ccmae ee 3,965 Crystallized sand and pyrites..... 4,108 
Hard sand oil and gas, stop in rock 3,984 Crystallized sand and pyrites..... 4,112 
Hardhrocky . aac cae occ tte arr 3005: ) Gy PSUMe nena dea. onrremerr ae 4,130 
Crystallized sand, hard places.... 4,016 Rock, fine, showing oil very light. 4,137 


One unusual advantage presented by this dome is the fact that 
one owner has title to all fee completely surrounding it. There would 
be no difficulty in testing all sides of the dome, under a single lease. 

Oil seems to be most plentiful in shallow sands along the north 
and east sides of the dome, and while no close-in deep drilling has 
been done, the information developed by shallow holes indicates a 
slightly more gradual dip on the northeast slope. 
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THE EDGERLY OIL FIELD, LOUISIANA 


H. E. MINOR 
Houston, Texas 


ABSTRACT 


The Edgerly oil field is located in the southwestern part of Louisiana in a topo- 
graphically featureless part of the Gulf Coastal plain. Exploration for oil was based on 
gas seepages, and though a total production of more than 55,000 barrels of oil per acre 
has been obtained from the field, there is no indication of a salt dome other than the 
local steep dips away from the field. No salt, gypsum, or cap rock has been encountered 
in any well. There are four main producing sands, at average depths, respectively, of 
2,700, 2,900, 3,000, and 3,100 feet. 


SITUATION 


The Edgerly oil field is located in Calcasieu Parish, Louisiana, 
in Sec. 28 and 29, T. 9 S. R. 11 W. (Fig. 1). The field is } mile north 
of the town of Edgerly, on the main line of the Southern Pacific 
Railroad approximately midway between Beaumont, Texas, and 
Lake Charles, Louisiana. 


HISTORY 


Gas escapes and so-called ‘‘paraffin dirt” were noted near Edgerly as early 
as 1906. On the Lillard property there were several gas seeps which boiled con- 
Stantly when the area was under water, and which when dry could be detected 
by the strong odor of hydrogen sulphide gas. The seeps cover a circular area 
10-15 feet in diameter, in crossing which one has the feeling of walking upon 
very stiff gelatine or rubber. There were also considerable showings of live gas 
in the marsh near the northeast corner of Section 28. 

These indications were first brought to the attention of the Higgins Oil Com- 
pany by Lee Hager in 1906. This company undertook exploration of the area, 
locating their initial test in the center of Section 28. Drilling was begun Septem- 
ber 10, 1907, and the well was carried to 1,820 feet, where salt water was encoun- 
tered. It was then decided to perforate the well at 1560 feet, and, on doing so, the 
well blew out making considerable dry gas and sand. Although several oil show- 
ings were reported while drilling, the well was abandoned after the blow-out. A 
second test was made about 300 feet north of No. 1. This well was drilled into 
salt water and abandoned at 2,025 feet. Well No. 3 was drilled 600 feet south of 
No. 1 and abandoned at 1,980 feet without finding anything of importance. In 
the early part of 1910, Hooks et al. drilled a well about 250 feet east of the 
Higgins Oil Company’s No. 1, and at a depth of 1,200 feet, a showing of 16° 
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Baumé oil was encountered. However, the well failed to produce oil and after 
being drilled to 2,477 feet was abandoned. Another well was located 200 feet 
east of No. 1 Hooks and was abandoned at 1,600 feet without any show of oil or 
gas. Later, two other wells were drilled, one by the Twenty-one Oil Company, 
being located in the southeast corner of the southeast quarter of the southwest 
quarter of Section 21, and the other by the Bright Oil Company (Jim Sutton 
et al.) on the Bright property. These wells were abandoned at 2,360 and 2,500 
feet, respectively, without encountering anything of interest. 

The first producing well was drilled in the southeast corner of the northeast 
quarter of the southeast quarter of Section 28, by the Bright Oil Co. At 1,300 
feet the first test was made, resulting in a 2,000—barrel salt-water flow with five 
barrels of oil. The well was deepened to 1,500 feet, one joint of 23-inch strainer 
set, and the well flowed 250 barrels of 17.5 Baumé oil. The discovery resulted 
in the acquisition of the Bright Oil Company’s properties by the Gulf Refining 
Company of Lousiana on March 29, 1912. 


GEOLOGY 


There is no topographic relief at Edgerly; the surface slopes gently to the 
south in conformity with the general slope of the Texas-Louisiana Gulf Coast 
area. Although a number of deep tests have been drilled, none of them have 
encountered cap rock, gypsum, or dolomite; thus this field is to be placed in the 
same class with Goose Creek, Orange, and Welsh, at none of which has any 
direct evidence of a salt dome been revealed. 


The production occupies an oval area approximately 5,000 feet 
east and west by 1,400 feet north and south. Edge wells reveal steep 
dips to the north, south, and west, and are characterized by the 
presence of mottled red and blue shales with thick beds of coarse 
sands, typical of edge wells in other fields of this type. The few fossils 
obtained from the Edgerly field have been determined as Pliocene, 
and it is doubtful if any of the production is obtained from older 
beds. 

The principal producing horizons are the 2,700-, 2,900-, and 
3,100-foot sands as illustrated in Figure 2. In addition to these 
horizons, an area of ten or fifteen acres in the southeastern portion 
of the field produces from a depth of 2,300 feet. 

Correlation is made more certain by water analysis. The writer" 
has previously discussed the application of chemical analysis of 
waters to correlation. On the basis of the data presented in that 
discussion, the salt concentration of the 2,300-foot horizon may be 


« “Chemical Relation of Salt Dome Waters,” Bull. Amer. Assoc. Petrol. Geol., 
Vol. 8 (1925), pp. 38-41. 
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interpreted as indicating a vertical uplift from 300 to 500 feet greater 
than in the field proper (Fig. 3). The 2,700-foot sand is very persist- 
ent in areal extent, and since it is composed almost entirely of fine 
breccia, is easily identified. This sand assumes a true dome structure 
with a closure of about 60 feet, the apex being near the southeast 
corner of the Drew lease of the Gulf Refining Company of Louisiana. 
The greatest production occurs along the crest of the fold, the major 





Fic. 3.—Diagram of faulted area 


axis of which trends in a northeast-southwest direction. The 3,000- 
and 3,100-foot sands are interbedded with a violet-colored gumbo 
which serves as a key bed in the correlation of the strata. Good 
wells have been completed in these sands over most of the area of 
the field, showing that these sands are more persistent than any 
of the other producing horizons. 


DEEP EXPLORATORY DRILLING 


None of the deep tests that have been drilled at Edgerly has 
revealed any deeper producing horizon than the 3,100-foot sand. 
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In the center of the field the Gulf Refining Company of Louisiana 
drilled their Bright-Penn No. 38 to 5, 425 feet, without finding deep- 
er production. On the northeast boundary line of the field, Bright- 
Penn No. 28 of the same company was carried to 3.280 feet. A mile 
farther east, the Richard Lyons No. 1 was abandoned at 3,918 feet. 
On the northwest side of the field, Drew No. 10 was drilled to 4,275 
feet. To the southeast on the Maurice J. Muller lease, the Miller 
Oil Company drilled their No. 2 to 3,910 feet without results. To 
the south the Gulf Refining Company of Louisiana drilled No. 1 
Higgins ‘“‘C”’ to 3,737 feet, No. 2 Wilson to 3,668 feet, and No. 8 
Higgins “A” to 3,720 feet. On the west, Bright-Penn No. 30 was 
drilled to 3,887 feet. With deep tests practically surrounding the 
field, there is little chance for an extension of the present productive 


area. 
CHARACTER OF OIL 


The oil produced from Edgerly is typical Gulf Coast crude, 
ranging in gravity from 19°-to 22.5° Baumé. None of the light grav- 
ity or freak oil encountered in other salt-dome fields has been de- 
veloped. The refined product makes an excellent lubricating oil. 
The analysis of an Edgerly crude oil is given below: 


ANALYSIS OF AN EDGERLY CRUDE OIL 


Gravity: 18.9° Bé. Sulphur: 0.31 
Color: almost black Boiling-point: 420° F. 
Per Cent Degrees F Gravity 
TO = ecnciaes Des Menatanetes ait 30.6 
BO ig: ssenshays tae SO Gua crags tn eas 26.5 
3 OGM cuncret papers OMe Teen tins ce 24.0 
toh Biers hieanent CHeh Bn ecto 21.9 
5 OlReeee: cee ev snes OOD maytanienlersc 6 Zea 
OO sean tue. COOP rains cntess 22.6 
TOM risedae een ats OAAM recone she 24.1 
SOM emote ODOR ee aimee 26.1 
DO me srg ietts OSStrrreenet tet 243 
PRODUCTION 


The production curve (Fig. 4), shows a gradual decline from 
a peak of 1,688,862 barrels in 1915. The decline has been very 
regular and practically free of periodic peaks which are so common 
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to most of the salt-dome fields. The total production for the Edgerly 
field at the close of 1923 was 6,880,000 barrels, which gives a total 
of 55,000 barrels per acre, but with water encroaching and practically 
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Fic. 4.—Production curve 


all of the area within the limits of production drilled, it is doubtful 
if it will ever exceed 70,000 barrels per acre. The daily average pro- 
duction of January, 1924, was distributed as follows: 





TABLE I 
Company No. Wells Pein 

Gulf Refining Co, of La......... 12 267 
Greats ON Come nta. oar meee I 15 
Mullen citar emcee cn siete I IS 
IBAA Ce SUG Ns deconnonoene I Io 
GUIWe Grave. 6 sore aoe I 12 
AC Es Gibson cates eemimcie 5 93 
Make: CharlesuPa Comers cnet: I 14 

Totaly. Sec cate. 22 426 


The Gulf Refining Company’s E. J. Fairchild No. 1, completed 
April 23, 1914, at a depth of 3,170 feet with an initial production of 
of 6,000 barrels, is the banner well of the field. This well produced 
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until r918, making a total of 226,158 barrels of oil. There have been 
more than a half-dozen wells which have produced over 100,000 
barrels of oil each. 


DRILLING METHODS 


On account of the comparatively soft nature of the strata at 
Edgerly the rotary method of drilling is exclusively used. The cost 
of drilling and equipping wells ranges from $7,000 to $10,000 for 
2,300-foot wells and $20,000 to $25,000 for wells completed in the 
3,100-foot sand. The average well is drilled in from thirty to forty- 
five days. 


PRODUCING PRACTICE 


All wells are pumped with the standard rig using steam power. 
A considerable amount of water is producing with the oil, necessi- 
tating the treating of the emulsion, which is done almost entirely by 
steam plants located upon the various leases. 


FUTURE POSSIBILITIES 


In view of the comparatively small productive area at Edgerly 
and the apparent absence of deeper producing horizons, it is not 
probable that drilling activity will ever resume an upward trend. 
Stimulation of the market may promote further drilling and the 
re-working of old wells, but water is encroaching in all of the produc- 
ing sands and the future will depend on the ability of the producers 
to extract the remaining oii by careful drilling and skimming 
methods. 


THE SPINDLETOP SALT DOME AND OIL FIELD 
JEFFERSON COUNTY, TEXAS" 


DONALD C. BARTON? AND ROLAND B. PAXSONS3 
Houston, Texas 


ABSTRACT 


The Spindletop oil field was the first and one of the most brilliant of the Gulf Coast 
oil fields. Spindletop is a characteristic Gulf Coast salt dome and is composed of a steep- 
sided, relatively flat-topped, circular salt core with a diameter of about 1 mile, and with 
a limestone, anhydrite, gypsum cap surmounting the salt. Most of the oil was produced 
from the porous cavernous limestone at the top of the cap. The early gushers have 
never been equaled in the United States for the size of their daily flush production. Few 
fields in the United States of like size, 265 acres, have had as big a production, thirty 
million barrels in the first three years, and a total of over fifty million barrels to date. 


INTRODUCTION 


Location.—Spindletop is in the northeast part of Jefferson Coun- 
ty, in southeast Texas, about 3 miles south of Beaumont. The field 
is reached by means of the Sabine and East Texas Railroad, the 
interurban line running from Beaumont to Port Arthur, but best 
by automobile via either the upper or lower highways from Beau- 
mont to Port Arthur. 


History.—The Spindletop oil field is one of the oldest and most famous 
fields in the Gulf Coast region. The name was derived from a so-called island 
of timber, located on the northeast corner of the John A. Veatch survey, near 
the dome. The contour of the timber resembled an inverted spindletop when 
viewed from surrounding prairie. 

The oil history of Spindletop dates back to about 1890 when one Patillo 
Higgins insisted confidently on the presence of oil under Spindletop. His con- 
. victions were based on two indications: the escape of gas from two points known 
as the copperas pond and the mud springs; and the distinct topographic eleva- 
tion of the area above the prairie. Though nothing was known about salt domes 
or oil fields in the Gulf Coast at the time, Mr. Higgins laid out a section known 
as Gladys City and in 1892 formed a company known as the Gladys City Oil 
Company. Later, several water wells were dug to a depth of 15 to 20 feet, and 


t Printed by permission of the Rycade Oil Corporation. 
2 Chief geologist, Rycade Oil Corporation, Houston, Tex. 
3 Geologist, Rycade Oil Corporation, Houston, Tex. 
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sour waters containing various minerals were obtained. In addition to other 
indications, incrustations of sulphur were found in the soil. 

The first oil tests were drilled in 1893. W. B. Sharp and J. S. Cullinan drilled 
a 418-foot well with a small rotary. Hearing that a gas sand had been passed up 
at 60 feet in the Sharp-Cullinan well, Mr. Higgins drilled nearby, and at about 
60 feet completed a small gasser which supplied enough gas to fire his boiler. 
Other tests were drilled at about the same time by Looney and the Savage 
Brothers. 

In 1900, Captain Anthony F. Lucas, a mining engineer, came to Beaumont. 
As the result of his experience with salt domes in southern Louisiana, he became 
convinced that sulphur, oil, and gas occurred beneath such domelike mounds as 
at Spindletop. Backed by Guffey and Galey, Lucas drilled his No. 1 well on the 
apex of the dome and though he lost it at a depth of 575 feet, two demijohns of 
17° Baumé oil were obtained. The well that was later known as the ‘“‘Lucas 
gusher,” the fame of which spread around the world, was started in October, 
1900, on the southwest slope a short distance from the apex. 

On January 10, 1901, while drilling at a depth of 1,139 feet (352 m.), the 
well blew in unexpectedly with an enormous production that was conserva- 
tively estimated as 75,000 barrels (10,900 metric tons) per day. It is said to have 
shot a 6-inch stream of oil 200 feet into the air. Although oil had been showing 
in the ditch, no production had been expected and no preparations had been 
made to handle it. The well ran wild and flooded the surrounding prairie with 
oil. After flowing a few days, the well caught fire, and when it was finally 
brought under control, the casing was found to have collapsed. The well was 
never reconditioned. 

The Lucas gusher was probably the first large or even moderate-sized well 
that was drilled with rotary tools. In some of the earlier tests, attempts had 
been made to drill with cable tools, but these had been unsuccessful on account 
of the loose, unconsolidated character of the sediments. Captain Lucas, there- 
fore, turned to the rotary method which had been used in a rudimentary form 
at Corsicana, in a few water wells, and in one of the previous tests at Spindletop. 
He had, however, to do considerable pioneer work in redesigning it and in de- 
veloping its technique. 

Following the completion of the Lucas gusher excitement was high and land 
formerly worth $ro an acre jumped to thousands of dollars an acre. The Gladys 
City Oil Companv secured the services of Captain Lucas to manage the drilling 
on its lease. Shortly they changed their name to the Gladys City Oil & Gas 
& Mfg. Company and began subleasing the 2,200 acres which they had leased 
for a period of twenty years. The land was assigned to companies and individu- 
uals without any cash bonus, allowing free oil and gas for fuel and retaining only 
one-tenth royalty. The company ceased drilling operations and became a royal- 
ty company. 

Much land was obtained from the Veatch League, and the entire dome was 
leased and divided into various sections. The most prominent and important 
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divisions are the Gladys City, in approximately the center, the McFaddin tract 
and Keith Ward to the south, Hogg-Swayne to the southeast, Yellow Pine and 
Lone Acre to the north, and Block No. 21 to the west. The most intensive drill- 
ing was on the Hogg-Swayne and Keith Ward tracts, where derrick legs over- 
lapped one another, and from one to four holes were drilled under the same floor. 
By the summer of ror, the boom was in full swing. Derricks were so closely 
spaced that derrickmen, fearing a blow-out, are said to have put out planks to 
neighboring derricks, in order to permit retreat from one derrick top to another 
out of the danger zone. The field reached the height of drilling operations and 
production during the year 1902 when the amount of oil gauged was 17,420,949 
barrels (2,541,000 tons). Not included is an unknown very large amount of 
wasted oil. The wells were brought in so fast that it was utterly impossible to 
provide storage for all the oil, and, as a result, many thousands of barrels of oil 
covered the prairie and were lost. 

By the end of 1902, the crest of the boom had passed and the drilling began 
to decline. During 1903, the production dropped to half that of the preceding 
year, but was still very large, even for Gulf Coast oil fields of the frst class. By 
1904, the limits of the field were pretty well shown to be confined to the area of 
the mound; the host of wells which were drilled around the edges of the field 
failed to bring in extensions to it, and successful new drilling was largely on 
proved acreage. The production dropped to 4o per cent of that of the preceding 
year. In rgo5 it dropped again by so per cent, and for the next eight years it 
declined slowly but was still of moderate size. By 1915, the annual production 
had dropped below 400,000 barrels, and operations came to consist of working 
over old wells and drilling new wells to sands that had been undetected or ig- 
nored in the early days. During the past year, eight new wells were drilled, and 
the daily production averaged about 850 barrels (124 tons). 

As the result of the discovery in recent years of production from deep lateral 
sands about various salt domes, exploration was renewed around the Spindletop 
dome. The Texas Company drilled a deep test into the salt on the northeast 
edge of the dome, and Wilson and others drilled nearby. The Spindletop Deep 
Well Company in the first part of 1917 drilled a test to 3,832 feet (1,150 m.) on 
Block No. 27 of the LaSalle Townsite Company. Many of these offside wells 
reported good shows, but none found oil in commercial quantity. Drilling in the 
latter half of 1918 on the northeast edge of the dome, the Gulf Production Com- 
pany completed their McFaddin No. 1 as a 250-barrel (36-ton) producer at a 
depth of 2,947 feet (898 m.). The well in some way became junked and was 
never reconditioned. The Gulf Production Company’s No. 2 McFaddin, 500 
feet (150 m.) to the southeast of No. 1, was then drilled to 3,278 feet (999 m.); 
No. 3 McFaddin, a short distance off the southeast edge of the salt, to 3,780 feet 
(1,152 m.); No. 4 McFaddin was drilled 1,000 feet off the salt on the northwest 
into the top of the salt; and Gladys City No. 1 was drilled to 4,700 feet. About 
the same time, Marrs McLean drilled to 3,700 feet (1,128 m.) a short distance 
off the salt on the west. None of these wells found anything more than small 
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shows of oil. In 1922, the Rycade Oil Corporation (formerly Amerada Petroleum 
Corporation) drilled its McFaddin No. 1 to a depth of 4,162 feet (1,206 m.), 
about 700 feet (200 m.) east of the Gulf Production Company’s McFaddin No. r. 
In a sand at 3,895 feet (1,187 m.) the well tested fifteen to twenty barrels (24 
tons) per day, on the swab. The Rycade Oil Corporation drilled its McFaddin 
No. 2 to a depth of 5,400 feet (1,647m.) just off the southeast edge of the salt 
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Fic. 1.—Physiographic map of the Texas-Louisiana salt-dome area showing the 
position of Spindletop. 


and in 1924 drilled its Gladys City No. 1 to a depth of 3,962 feet (1,207m.) on 
the northwest flank of the dome. 


PHYSIOGRAPHY 


The physiographic province in which the salt domes of Louisi- 
ana and Texas occur is the Gulf Coastal plain (Fig. 1). In southeast 
Texas and northwest Louisiana, it is composed of the Coastal 
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Prairie, the Kesatchie Cuesta, and other cuestas farther inland. 
The character of this physiographic province is set forth and its com- 
ponent plains and scarps are described elsewhere by the senior 
author.’ 

The characteristic surface expression of the domes of the Coastal 
group which are marked in the topography is a mound of approxi- 
mately the same diameter as the salt core, in shape very much like 
an inverted wash basin, with or without a central depression. The 
height of the mounds ranges from a few feet to 200 feet (60 m.). 
The salt-dome mound at Spindletop is one of the fainter type with- 
out a central depression, and it rises only some ro to 15 feet above 
the general level of the Kountze plain, and 30 feet above sea-level. 
The mound is roughly circular in outline. On the north, east, and 
west sides, the mound slopes gradually and without break into the 
surrounding prairie. On the south side, there is a much steeper 
slope, which, however, seems to be due largely to the erosion of a 
shallow valley across the southwest edge of the dome. The mound 
is not as large areally as the salt core, but seems to coincide in posi- 
tion more with the cap rock, which covers only about two-thirds of 


the top of the salt. 
GEOLOGY 


Surface.—Spindletop mound is composed of sands which may be 
Lissie or Beaumont. The surrounding prairie is composed of clays, 
sandy clays, and clays of the Beaumont formation. 

Subsurface:—Spindletop is a characteristic Gulf Coast salt dome, 
and as such is composed of a stock like core of rock salt, sedimentary 
beds dipping quaquaversally away from the salt core, and an anhy- 
drite-gypsum-limestone cap on the top of the salt (Fig. 2). 

The salt core is roughly circular in plan, and about 1 mile (1.6 
km.) in diameter. It is delimited on the northeast by the Texas 
Company’s McFaddin No. 1, which struck the salt at a depth of 
2,579 feet (787 m.), the Gulf Production Company’s McFaddin No. 
2, and the Rycade Oil Corporation’s No. 2 McFaddin, which were 
drilled, respectively, to depths of 3,278 feet (999 m.) and 4,162 feet 
(1,296 m.) without striking salt; on the southeast by the Gulf Pro- 
duction Company’s No. 4 McFaddin which struck the salt at a 


* Donald C. Barton, “Pine Prairie Salt Dome,” Bull. Amer. Assoc. Petrol. Geol., 
Vol. 9, to_appear later. 
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depth of 1,684 feet (513 m.), and No. 3 which went to a depth of 
3,780 feet (1,152 m.) without striking salt; and on the west by a well 
just west of the railroad track which went into the salt at a depth 
of 2,000 (?) feet (600 m.), and by Marrs McLean No. t which went 
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to a depth of 3,700 feet (1,128 m.) without striking the salt. On 
the north, the edge of the salt has not been shown clearly by the 
drilling but on the basis of the symmetry of the surface mound, and 
of the rest of the edge of the salt, it seems probably to lie just south 
of the railroad crossing on the Beaumont road from the field. 

The salt core has a relatively flat top and steep sides. In the 
center of the field, the top of the salt is found at depths of 1,200 to 
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1,600 feet (300 to 500 m.). The Iowa Beaumont well, drilled near 
the center of the dome, struck salt at 1,200 feet and was abandoned 
in it at 1,790 feet. In Higgins No. 2, drilled 2,000 feet north of the 
Iowa Beaumont well, the top of the salt was reported as at 1,647 
feet (sor m.). On the east side, the Texas Company’s No. 1 well 
struck salt at 2,579 feet and abandoned the well in it at 2,626 feet. 

















2000 


ROCK SALT CORE 














| \ 1000 

















Fic. 3.—West-east section through the Spindletop salt dome (partly after Fenneman) 


A=Marrs McLean, Gladys City No. 1 K =Heywood 

B= ? L=National No. 1 

C=Lucas No. 2 M=National No. 2 

D=Guffey No. 2 N =Beaumont Pacific 

E=Higgins No. 2 O=Denver Beaumont 

F=Beaumont Confederation No. 2 P=T.T. Co. No. 1 

G=Robertson No. 2 Q=Gulf Prod. Co., McFadden No. 1 
H=Keith Ward No. 2 R=Gulf Prod. Co., McFadden No. 2 

I =Heywood No. 2 S=Rycade Oil Corp., McFadden No. 1 


J =Higgins No. 2 


On the south, the Gulf Production Company’s McFaddin No. 4 
struck salt at 1,684 feet and abandoned the well at 1,787 feet. On 
the west, salt was struck at 2,000 feet. None of the salt wells have 
been so located as to give accurate data concerning the slope of the 
sides of the salt cores, but the differences between the depths at 
which the edge salt wells struck the salt, and the depths to which 
the wells not far out from the edge of the salt went without striking 
the salt, indicate that the slope must be steep (Fig. 3). 
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The cap at Spindletop is a disklike mass of anhydrite-gypsum 
and limestone (dolomite) which rests on the top of the salt but does 
not completely cover it. In the center of the field, in Higgins No. 3, 
the top of the cap was found at a depth of 886 feet (270 m.) and the 
cap was 761 feet (232 rm.) thick; in Higgins No. 7, the top of the cap 
was found at a depth of 704 feet (214 m.). About 600 feet west of 
Higgins No. 7, in the Southern Company’s No. 4, the top of the cap 
was encountered at 982 feet (298 m.) and 2,400 feet (720 m.) west at 
1,210 feet (368 m.) About 2,500 feet (750 m.) north-northeast of 
Higgins No. 7, the top of the cap was at 1,095 feet (333 m.). In Hig- 
gins No. 2, 1,500 feet (450 m.) south of Higgins No. 7, the top of 
the cap was reached at 995 feet (303 m.). Toward the edge of the 
dome on the south and southwest, the cap seems to be missing. 
The cap, therefore, seems to be highest over the center and to slope 
away in all directions. As the top of the salt seems to be compara- 
tively flat, the cap is apparently thickest in the center. 

The anhydrite-gypsum portion of the cap is not well known. As 
is characteristic of the cap rock of the Gulf Coast salt domes, the 
anhydrite and gypsum form the lower part of the cap, and rest on 
the salt. Few of the wells were drilled through the limestone into the 
anhydrite and gypsum. The scanty data available in regard to them, 
are given by Hayes and Kennedy, and by Fenneman. As anhydrite 
is commonly reported as “gyp”’ by the drillers, the proportions be- 
tween the anhydrite and gypsum are not known. 

The limestone (dolomite) of the cap forms a cover extending 
over the anhydrite and by some is called “the cap” in contradis- 
tinction to which an anhydrite-gypsum cap is called “false cap.” 
(Fig. 4). At the sulphur mines, the upper, barren portion of the 
limestone is called the “‘cap.’’ Salt-dome geologists speak of the 
whole mass of exogenous rock capping the salt as the “cap.” At 
Spindletop the limestone of the cap was identified in the early days as 
dolomite and has always been so designated. The following analysis 
of Spindletop cap rock, however, shows only a trace of magnesium, 
and the only sample of the ‘‘dolomite”’ from Spindletop that the senior 
writer has seen, as well as all the samples of limestone from the cap 
of other domes, effervesced in cold dilute hydrochloric acid. Much 
at least of the dolomite therefore seems to be limestone. 
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The most striking characteristic of the rock is its extreme poros- 
ity. During the gushing of wells, rock fragments varying in size 
from a fraction of an inch to the diameter of the casing have been 
blown to the surface. These always have a porous texture and even 
their most compact portions are shown, under the microscope, to 
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Fic. 4.—Map of Spindletop showing productive area, well data, contours on 
surface mound, and the — 3,o00-foot (goo m.) contour on salt. 


Notre.—Rycade No. 2 marked as drilling at 4,800 feet has been abandoned at 
5,400 feet, and the Rycade Oil Corporation has abandoned an additional dry hole 
at 3,962 feet, which should be about 1,400 feet north of the Gulf 4,700-foot dry 
hole. 


contain a large proportion of vacant space. By the workers in the 
field the rock is compared to light-colored maple sugar. In addition 
to the minute spaces between the crystals, the rock itself contains 
many large cavities. The maximum size of these cavities cannot be 
determined, but many drillers report instances of the tools dropping 
several feet after passing through the outer crust of the rock. Con- 
sidering the volume of oil recovered from the rock, the porosity must 
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exceed 33 per cent, or oil must have come in from an entirely un- 
known source. This high porosity combined with the high gas pres- 
sure explains the enormous yield of the early gushers. 

Native sulphur is reported to be an important accessory mineral 
in the cap and in the beds immediately above the cap. In blow-outs 
and in gushers, large pieces of pure sulphur, crystals of sulphur an 
inch or more in length, chunks of mixed limestone and sulphur, and 
chunks of sulphur mixed with sand and clay have been blown out of 
the wells. In Heywood No. 3, sulphur rock was reported from four 
horizons, the lowest of which rests immediately on the oil rock. In 
a number of other wells, sulphur was reported in beds 5-45 feet 





TABLE I* 
ANALYSIS OF SPINDLETOP LIMESTONE Cap Rock 
SIL Cacia eter Sree tte RecH ees ee oars °.40 
Oxide of iron 
; a eee BUD Ene eee et rc hae ©.50 
Oxide of alumina 
VR OAE Aer ie. RAC Rene heme oie crag canner REE 54.89 
INE NANEN EN Cece Soka ie Lae aooty mee Tomo anos eee ee trace 
Sulphur—as free sulphur and in organic combination.. 1.58 
Sulphur—as sulphuric acid in combination.......... Onen 
(Srideeanle AVG aie ete we aotO SS AO econ mane 42.45 
HU Cale ren reverie teres eea eieetehe st SO UTe ag oR ai oan 100.03 
*Analysis by S. H. Worrell, quoted by Fenneman, U.S. G. S. Bull. 282 


(1906), p. 27. 


(13-13 m.) thick immediately above the oil rock. In those horizons, 
the sulphur was found mixed with sand, clay, or, in some cases, 
limestone. Some sulphur, the amount of which was not specified, 
was found in the oil zone, but not so much as below the oil zone. As 
few wells have been drilled below the top of the oil zone, not much is 
known in regard to the lower sulphur zones. In the sulphur domes, 
the main zone of enrichment is the zone of contact between the 
limestone and the anhydrite gypsum. The sulphur in the cap rock 
at Spindletop is reported to have been in the form of pure sulphur 
filling cracks and cavities in the rock and as crystals lining cavities 
in the oil-bearing rock. 

The beds surrounding the salt core and the cap consist predomi- 
nantly of sands and clays and minor amounts of gravel, calcareous 
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sandstone, and possibly a little limestone. On the top of the dome, 
the beds above a depth of 500 feet (150 m.) are composed almost en- 
tirely of sand and gravel, and the beds from this depth to the top of 
the cap are composed largely of clay, though “ime” is reported in 
beds 1-2 feet thick; in the Denver-Beaumont well, a 27-foot bed of 
lime was encountered that took seventy-five days to drill through. 
On the flanks of the dome, the upper zone of sand and gravel is 1,000 
feet (300 m.) thick; between depths of 1,000 and 3,000 feet (300-g00 
m.) the section is composed predominantly of clay. Immediately be- 
low a depth of 3,000 feet, there are a few hundred feet of sand, sand- 
stone, and calcareous sandstone below which are sands and clays. 
On the basis of lithology, a fair correlation of beds is possible across 
the dome and shows a gentle doming of the base of sand and gravel 
zone in conformity with the top of the cap. The wells on the flanks 
are so few and so scattered that it is not possible to work out the 
structure of the surrounding beds. From the Gulf Production Com- 
pany’s McFaddin No. 2 to the Rycade Oil Corporation’s McFaddin 
No. 1 there is apparently a dip of about So feet in a distance of 500 
feet. ‘The base of the sand and gravel zone has suffered relative up- 
lift of around 500 feet (150 m.) over the center of the dome in com- 
parison to its position in the flank wells. 
Stratigraphy.—The stratigraphic section as determined largely 
from the outcrop of the formations farther north is as follows: 
The following section was found in the Rycade Oil Corporation’s 
McFaddin No. 2: 
Beaumont Clay 
Lissie 
Citronelle 
Miocene 
Re-worked Cretaceous was identified from 1,800 to 3,915 feet (548 to 1,185 m.) 
Re-worked Cretaceous and re-worked Middle Oligocene at 3,932 feet (1,195 
m.) 
No fossils in cores at 4,019, 4,057, 4,108, 4,128, 4,158, 4,166, and 4,172 feet 
Re-worked Cretaceous in cores from 4,187 and 4,211 feet (1,273 and 1,280m.) 
Non-fossiliferous zone with cores at 4,220, 4,230, 4,248, and 4,301 feet 
Oligocene 
Discorbis zone at 4,508 feet (1,370 m.) 
Oligocene core at 4,694 feet 
Non-fossiliferous cores at 4,790 and 4,816 feet 
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The top of the Oligocene according to the section worked largely 
from the outcrop should lie at a depth of 1,300 to 1,400 feet (390 to 
420 m.) In the Rycade Oil Corporation’s McFaddin No. 2, the top 
of the Oligocene was actually at a depth of about 4,300 feet. Since 
in the position of this well beds at 4,300 feet should be much uplifted, 
the normal position of the top of the Oligocene should be at a much 
greater depth. The section above the Oligocene, therefore, shows a 














TABLE II 
Formation Lithologic Character Feet | Meters 
Pleistocene 
pBeaumont, clay..+-cs- ee .Clay with silts and sands-marine 40 12 
Pleistocene 
Lissie formation......... Sands and gravels with some clay; non-|{1,000] 300 
Pliocene marine chiefly lL aise 75 
Citronelle formation. .... } 
Miocene Clays with a few lenses of sand and sand- 
Pascagoula clay......... stone—Marine and non-marine 300 90 
Fleming Formation 
Oligocene Non-marine clays with thin layers of 
Hattiesburg clay........ ) sand and sandstone 350] 105 
Catahoula sandstone...... Non-marine sands, sandstones, clays, 
and fine conglomerates 475} 142 
Eocene 
Jackson formation........ Marine marls, clays, and thin beds of 
sandstone 500 ns 
PYLCOVIG uate vena oatrceia rec cere ier allo ere Se senehan a) olocviel e,otbiis fay a\starsia weiner stesuee 800 240 


thickening of at least 3,000 feet (goo m.) and probably over 4,000 
feet (1,200 m.). 


ORIGIN OF THE DOME 


Various theories have been advanced in the past to account for 
the formation of the salt domes. Among the American geologists 
not familiar with the more recent descriptions and discussions of the 
German and Roumanian salt dome, many of these theories still have 
considerable vogue. In the light of the knowledge now available in 
regard to the German and Roumanian domes,’ and more especially 

t See Erich Seidl, “Preuss. Geol. Landesanstalt,” Archiv fiir Lagerstihenforschung, 


Heft 26 (1921). The abundant sections illustrating this paper can be understood readily 
by persons familiar with only a few words of German. 
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the former, there seems to be little doubt that the salt domes are the 
result of plastic yielding of pre-existent sedimentary salt formations 
to deformation. In view of the slight knowledge actually in exist- 
ence in regard to the salt of our American domes, it is not strange 
that distinct evidence of the sedimentary origin of the salt has not 
been observed. Many of the domes on which the drilling has been 
well placed show distinctly the great upthrust of the salt, as evi- 
denced by the way it has dragged up the adjacent sediments with 
it. On account of the scattered spacing of the wells on the flanks of 
the dome, those relations are not well shown at Spindletop. 


ORIGIN OF THE CAP 

The more probable alternative hypotheses for the origin of the 
cap are: (1) that it is sedimentary limestone which has been pushed 
up ahead of the rising salt mass and which has been largely altered 
by sulphate waters; (2) that it is sedimentary anhydrite which has 
been pushed up ahead of the rising salt mass; (3) that it is a second- 
ary deposit resulting from the precipitation of calcium sulphate of 
vadose sulphate waters coming in contact with the highly saline 
waters surrounding the salt dome; (4) that it is residual material 
which has been left behind in the solution of the salt. 

The cap of the German domes is rather generally held by the 
German geologists to be residual. This theory seems to be the least 
probable of the four for the American cap rock but it is not impossi- 
ble. The evidence in regard to the origin of the cap rock of the Amer- 
ican salt domes is rather conflicting. At Spindletop the thick disk- 
like cap, not completely covering, or projecting beyond the top of 
the salt, has the form, size, and position of a block uplifted by the 
salt. The absence of the cap on the southern edge of the dome would 
demand explanation, if the cap were a secondary deposit formed in 
place, or if it were a residual deposit formed in place. As the up- 
thrust of the salt core well may have been periodic, the fact that the 
cap has been upthrust into its present position is not evidence that 
it did not form in place at greater depth. 


AGE OF THE DOME 
The upthrust of the salt core to form a salt dome presumably is 
a long slow process which extends through several geologic periods. 
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The deformation of the late Pleistocene plain indicates upthrust due 
to upthrust of the salt core or to hydration of the anhydrite of the 
cap of gypsum. The inrusion of the salt into the Miocene indicates 
that the salt itself is older than Miocene and that a part of the in- 
trusion is later than early Miocene. The salt itself carries no evidence 
of its age, either at Spindletop or on any of the other domes. At 
some domes, as, for example, Damon Mound, it is possible to deter- 
mine that much upthrust had taken place by the beginning of Mio- 
cene times, but at Spindletop no evidence is available in regard to 
upthrust before Miocene times. From anology with the other domes, 
it seems probable the upthrust began well before the beginning of 
Miocene times. On none of the domes is there recognizable evi- 
dence of the time of the first distinct upthrust. 


OIL AND GAS 


Indications —The indications which led to the drilling at Spindle- 
top were the mound, gas seeps, and sour waters. Although indis- 
tinct, the mound is and was a marked feature of its region. By plac- 
ing a bottle over a gas seep and getting an accumulation of reduced 
sulphur, Captain Lucas demonstrated that the gas was in part at 
least sulphur bearing. The sour waters were found both in springs 
and in shallow wells. Oil seeps have been reported, but this report 
has been denied by men familiar with the field in its early days. 
Paraffine dirt was not reported, but was not known in the early days 
and, if originally present, would later have been obscured by the 
development. 

Occurrence.—Gas was originally present in rather moderate 
amount in all the oil sands and in gas sand just above the main 
super-cap sand. The gas from this sand is said to have caused the 
most destructive blow-outs at Spindletop. Although blow-outs 
from various horizons were common, and although the gas was under 
great pressure, the amount of the gas in all cases was apparently 
small, as the blow-outs did not last many hours. 

Oil was found pretty much through the lower part of supercap 
section and in the top of the cap. The first oil at Spindletop was ob- 
tained by Captain Lucas at 575 feet (172 m.). The main productive 
horizon in the super-cap beds was a sand lying at a depth of 710 to 
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850 feet (213 to 255 m.) and at a distance of about 120 feet (36 m.) 
above the top of the cap. This ‘‘sand” was neglected in the early 
days in the rush for the big production in the cap, and attention 
came to be paid to it only after the waning of that production. ‘The 
main productive sand, the one from which most of the production 
of the field was obtained, was the top of the cap. The oil was con- 
tained in the pores of the porous limestone and in the fissures and 
caverns in it. The wells had to go only a short distance into the 
limestone to tap the oil. The top of the limestone was at a depth of 
around goo feet (270 m.) below the surface in the center of the field, 
and 1,000 to 1,100 feet (300 to 330 m.) below the surface on the edge 
of the field. A considerable part of the production is still obtained 
from the cap. Although numerous shows of oil have been obtained 
from supercap sands, there has been little or no production from 
them, except that from the sand at from 710 to 850 feet (213 to 
2 ei), 

Character —Most of the gas at Spindletop was a wet petroleum 
gas containing a large amount of hydrogen sulphide. The combina- 
tion of H.S and the petroleum vapor had a very poisonous effect on 
those inhaling it in even moderate quantities, and “gassing” of the 
oil-field workers was a common experience at Spindletop in the early 
days; some deaths occurred from the gassing, but in most cases 
the men were merely temporarily “knocked out,” and came to them- 
selves or were resuscitated. The eyes seemed particularly susceptible 
to the effects of the gas, and gassed eyes was a common and painful 
ailment of the oil-field workers. The gas from the gas sand was a 
dry gas and was of a harmless nature. 

The Spindletop oil is a dark-green to brownish oil with a Baumé 
gravity of 21-23°. On refining it yields, according to Fenneman: 


Per Cent 
Gasoline eaceecie canes es 
IKELrOSENE ee ec ener eee Wait 
SOLAR cian raaert Gee eine mentors Gal 
Lubricating sean etre agehe nate SB) 
(ASP hial tapas tear een ic a ete te We 


A similar-appearing oil with a gravity of 22.2° Baumé was obtained 
from the Rycade Oil Corporation’s McFaddin No. 1, at 3,895 feet 
(122 m.): 
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Production.—The total gauged production of oil from the Spin- 
dletop field to January 1, 1924, has been 47,091,054 barrels (7,195,- 
780 metric tons). On account of wasteful handling and lack of stor- 
age in the early days, enormous quantities of oil were lost. The 
amount of oil thus not accounted for is impossible of accurate esti- 
mation, but must have been enough to bring the figure for the total 









































Fic. 5.—Production curves of Spindletop Oil Field. 
A, yearly production of field in millions of barrels: 
B and C, yearly production, respectively, of two leases in hundred thousands of 
barrels. 


production of the field to well over 50,000,000 barrels (7,500,000 
tons) (Fig. 5). The figures for the total yearly gauged production 
of the field are as follows: 


Barrels Net Metric Tons 
TiO OMe te davetie eleva dee eusvrernns eke s OSM Sal aaenes ye 538,750 
GOlOVIG Sean OOD. 4 one 7A ZOVOAO maielsielaleys 2,612,100 
LOQO3 eanrctaatcr tal seticis lene oe» S0OOGO5 nasa 1,289,620 
LOOA trea hela temate aletiel BOA ROAD clestra atone 514,870 
HCO cata ORES Ores CIAO 1 O000}3 7 Onis sate ers 239,900 
EO OO, wrercsue ier. eathcysy ay) ober ope POMS yi weisenenete sat I51,300 
BQO arate orska stelle Awa ea se os ouch A TODS SU Gee. ote. os 242,230 
TOOS Me eh chastekel. torch valet cities rahe BAe: Wier e EuctRMene Orr 262,030 
HOOO spacer ate raccseny ake ne De OO OMmeiemncetate 208,140 
UONCiie a6 eiba0 SR ODD AD poor i O23 Oceans eees 177,290 
HOUT eee everest sore: COON 5 bon ab or 144,830 


iON. HA ceoe aoe eG OO Coster ICE S223:00 Ose 123,390 
(Continued on page 494) i 
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494 
Barrels Net Metric Tons 

LOTZ cnn csa ner arstetus wclsa aes TMOG wan anco ae 107,413 
TOUA aac urton sperehs oe vier tans SOR O Eran te 86,985 
LOLS ee aniegtaa te centri. BSS 200mm eer 58,217 
TOT Ospeis rele icles se stators e eae SAO FAA errs 51,046 
TOL] Wrest cease acre ot OOO). waa noo nc 46,187 
TO LO ae ere tars caaretn ee sie SO2;2 O05 eran vette 75,310 
TOLO pyres pote esteem ereerrees ASS, OSOn ener 68,774 
TODO wie eye tens ae ce aener fecorstagekois 223 OO Summ encter iis 48,580 
EQQ Dey vanes weerewree ese SOTO OOm errors 48,143 
EQ 22 ere ce ee reyarsiop erste! tee sores 2O SOLS tice 44,235 
TQ 23 rey tees ates cue here mes OOS 1Sin moo oe 46,379 

Motalnd wemisctseewererssk ATEOO OS AMEE er 7,195,779 


It is interesting to notice that of the production 63 per cent was pro- 
duced in the first three years of the life of the field. Spindletop’s pro- 
duction of 17,420,949 barrels (2,612,100 tons) in one year has been 
exceeded in the Gulf Coast only by Humble, which produced 18,066,- 
428 barrels (2,708,850 tons) in 1905. 

The yearly production of representative leases has been, respec- 
tively, as follows: 


Barrels Net Metric Tons 

TOODect cri: ZOO Ona 44,920 
TOO2 sr rect cea 352) 22 One rer 127,780 
TOOR eee TROOALOGA Me Nets 240,640 
TOOA act eee HOXM Os seosace 106,190 
TOO Samara ates Bie YRetdooccoone 55,540 
TQO0 me sr estaste cnr DW Fee co-olo'c 38,320 
TOOT ected tts Ope Occneav so 98,560 
TOQOGS Side chet orate OVORAR. cnooc oc 96,980 
TOQOOcnrae eke 300,500 ieee 58,560 
TOLO sess orci MD BA ONS 3.6.0 6 63,430 
HOM SB eased hoc BODSTR os e0.6 2 6 63,380 
TOL2 eae ae AGOSOS Ameren 68,350 
TOR Serae ae ciwikewinewanmons 50,530 
TO TAs sca erouseners SIL 3 O20. ye ereucts 47,020 
LOLS a eee NOAM COscccnoec 28,920 
LOU On eper tat ome TOSROOmm mame 24,500 
TOD Mets, serhaceee WOE oso bn 21,350 
LORS seve ores USOC soso 23,480 
LOLO sant teers O4 S2oseR echt: 14,140 
L020 aera facie SHO aoocecao 12,760 
Total Svanet 8,572,550 1,285,364 
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Barrels Net Metric Tons Wells 
LOGON as oae tes MAR ADS ue boole z TeO2O yaar eae 2 
TOTO ev wae ae Tole a5 llama rcuees TO7Oen eae 2 
TOM sees oars Wy one ne gader QO ists och os oie 2 
TON 3 ees aoe WG OAS tre sae fe BLOOOs seein D, 
LOESE eee ee TAO Oe are DSM ees rere 2 
OLA wots cress T2"OO Seer eeeine TOS OMe recone D 
TQS atcenveteueeree TAS O Olsen erie Se Ty LO OMe gern rate 2 
TOU Ome risrs,e ee eee Helge Xe Fest c sole ais OA ORS ease 2 
CO) fates RE cas eRe SAA eee 1 a 2 
LILO ie arses ORR Q72EP Etats DAO eersesecs 2 
TOTO este To 2TOMacey eee TOO een. ne 2 
LODO € we sane OOle aan BC Sta eee 2 

eROtalwerct crane 102,420 16,460 
TO OOM ee et tesserae UO WR ica oe DER Basa ogee 4 
TOOTH Ere tenes Sess sowounc SOOM Gee 6 
TOOS seen 20. 20 atte ai BROS OMe aera: 4 
OOO steer ieiets alc BOON Sagas oe ONS O Ohm ne sae 4 
TOLO Wate cichcn tie OE erm ae ce AnG2O steht 4 
MTR cerensie ones TOs OO ihre ferrets BO 2 Ober i eter 3 
ROU sare tae ete 8,926.. DSA O Mercere 3 
LOLS reper ees ARULORN pba se G2ONG Fe ayh ee 2 
Motaleins. cues 210,207 31,520 


The per acre production at Spindletop is one of the highest for 
the Gulf Coast. The very sharply delimited productive area amounts 
to 265 acres. With a total production to date of fifty million barrels, 
the per acre production for the whole field is 190,000 barrels (28,500 
tons). The average per acre production for the better fields on the 
Gulf Coast is about 50,000 barrels (7,500 tons), but in the case of 
most of the fields, the total productive area includes considerable 
territory of very poor productivity, and if in these cases only the 
main productive area is considered, the per acre production is much 
higher. The per acre production for the old or SE field at West 
Columbia up to January 1, 1921, was 123,000 barrels (18,400 tons) 
and, on the basis of the writers’ estimate at that time of the future 
production, the ultimate per acre production of the SE field would 
be of the order of 200,000 barrels (30,000 tons). The per acre pro- 
duction at Jennings has been 209,000 barrels (31,340 tons) for the 
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whole productive area and 306,000 barrels (45,880 tons) for the main 
productivearea. Of the other Gulf Coast fields the shallow or cap rock 
field at Humble is the most similar to Spindletop. The total cap- 
rock production there has been about the same as at Spindletop, but 
the productive area is seven times as great and the per acre pro- 
duction is only 30,000 barrels (4,500 tons). 

The total number of wells drilled has been about 2,050, or on the 
average of about six wells per acre. Spindletop holds the record for 
the Gulf Coast Oil fields and for the oil fields of the United States 
for gusher production. The production of the Lucas No. 2 (the Lu- 
cas gusher) was variously estimated at 75,000 to 125,000 barrels 
(11,250 to 18,740 tons) per day. That of the Heywood Brothers No.2 
was estimated at 96,000 barrels (13,490 tons) per day. By gauge 
of its flow into a tank, it is said to have flowed 8,000 barrels (1,200 
tons) in two hours. Within ten months it had produced 1,395,000 
barrels (209,200 tons) of oil. There were only these two enormous 
gushers, but in addition to them there were many large wells. Al- 
though the data in regard to the early wells is very scanty, it is 
known that the Guffey and Gailey Oil Company completed five 
large wells on their Gladys City lease with initial production as fol- 
lows: No. 7—15,000 barrels (2,250 tons), No. 4—10,000 barrels (1,500 
tons), No. 1—8,ooo barrels (1,200 tons), No. 5—7,o00 barrels 
(1,050 tons), No. 9—5,000 barrels (750 tons); that the Beaumont- 
Palestine Oil Company completed a 10,000 barrel (1,500 tons) well; 
and that the Hogg Swayne, the American Oil Company, and other 
companies completed big wells. 
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THE BIG HILL SALT DOME, JEFFERSON 
COUNTY, TEXAS 


A. S. HENLEY! 
Houston, Texas 


ABSTRACT 


Although salt has not been penetrated in drilling, the Big Hill salt dome, Jefferson 
County, Texas, in all probability is a characteristic Gulf Coast salt dome. It has a very 
distinct salt-dome mound, a characteristic salt-dome cap. One well has been completed 
as a producer. The oil is typical Gulf Coast crude. 


LOCATION 


Big Hill is in the southwestern part of Jefferson County, Texas, 
about 12 miles from the Gulf of Mexico. It is most easily reached 
by train or automobile from Beaumont. The Gulf, Colorado & Santa 
Fe Railroad passes through Hamshire, 11 miles northwest of the 
“Hill.” All freight and supplies come to Hamshire by rail and are 
hauled in by wagon or truck during dry weather. During wet weath- 
er the road is almost impassable. 


HISTORY 


Record of the early history of the development of Big Hill is 
very unreliable. Little was written about it during the period of 
early exploration, and all that can be learned from men who were 
more or less in touch with the development is contradictory. 

It appears that the first well was drilled by the J. M. Guffey 
Company in 1gor on the southeast side of the mound. This well hit 
cap rock at 370 feet and continued in it to its total depth of 1,600 
feet. Oil showings were found at several horizons, but they were 
not strong enough to produce. Shortly after this well was com- 
pleted, the Texas Oil Fields Ltd. Company entered the field and 
drilled three wells. One of these wells was near the J. M. Guffey well, 
and the other two were north of the mound. Neither of the later 
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wells found anything but unconsolidated material to their total 
depth, which was 2,600 and 3,000 feet, respectively. 

The Big Hill Mound seems to have been neglected for a number 
of years, until about 1913, when an association headed by S. W. 
Pipkin, a large landowner in this district, drilled a well on the north- 
east flank to a depth of 1,675 feet. This well was abandoned in a 
porous rock, but had several showings in sands above the rock. 
Encouraged by these showings, the Texas Exploration Company 
and the Texas Company started development at about the same 
time. The Texas Exploration Company drilled four wells on the top 
of the dome and its south flank, and the Texas Company drilled 
two wells off of the south flank. All of the Texas Exploration Com- 
pany wells struck cap rock and were abandoned at shallow depths; 
the deepest went to 1,385 feet. The wells of the Texas Com- — 
pany were drilled to 3,505 feet and 2,922 feet, respectively, and 
neither encountered either cap rock or oil in commercial quan- 
tities. 

In 1921 the Houston Oil Company, of Texas, took leases covering 
the south half of the hill. To date, twelve wells have been drilled— 
ten on the southeast side of the dome and two on the west side. Of 
the wells drilled on the southeast side, three have been abandoned 
in porous rock, one completed as a producer, and the others aban- 
doned at various depths down to 4,049 feet. Both the wells drilled 
on the west side have been abandoned in cap rock. The well which 
was finished as a producer came in September 1, 1923, making 4oo. 
barrels per day of clean oil. Water soon began to come in and the 
well declined rapidly. At the present time it is producing 30 barrels 
of 19.5° Baumé gravity oil per day and about 200 barrels of water. 
This oil is the typical Gulf Coast green oil with high lubricating 
oil content. 

During 1923 a well was drilled on the east side of the dome by 
the Gulf Production Comapny to a depth of 4,780 feet. At the 
present time the Houston Oil Company has two rigs running on the 
west side of the Hill. 


GEOLOGY 


Big Hill is superimposed on a low ridge which is evidently an 
old shoreline and can be traced for many miles both east and west 
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of the mound. This ridge has a uniform elevation of about ro feet 
above sea-level, while Big Hill rises to an elevation of 35 feet on 
the north side and 31 feet on the south with a shallow saddle be- 
tween the two points of greatest elevation. 

Because of the small amount of drilling which has been done, 
the only cross-section available is across the south side of the hill 
along the line A—B (Fig. 1). This section is made with the top of the 
cap rock as control. 
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Fic. 1—Map of Big Hill salt dome 


Although no salt mass has been found in any of the wells, it is 
reasonable to suppose that there is such a mass underlying the cap 
rock. The cap rock here is composed of a porous dolomitic lime- 
stone, gypsum, anhydrite, and a very porous limy sandstone which 
lies on the outer edge. of the cap. It is very similar to that above 
known salt masses. Along the line A—B the cap rock has a known 
width of 6,000 feet, its west edge being still undetermined. 
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The cap dips at a very high angle on the east side, while on the 
west it has an apparent dip of about 30° (Fig. 2). From this and the 
shape of the surface elevation we are of the opinion that the thrust 
of the salt mass came from the west or southwest and swung to the 
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Fic. 2—Cross-section along line A-B of Figure 1 


north with a fracture through the saddle between the two points 
of greatest surface elevation. The lateral beds on the southeast side 
seem to be very badly fractured, while on the west they are fairly 
regular. Fossils from a depth of 3,270 feet in Pipkin No. 4 have been 
classified as Fleming in age. 
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ABSTRACT 


Although the salt has not been drilled into, the presence of a typical cap-rock mass 
of anhydrite and gypsum capped by “lime” rock indicates that Saratoga is a salt dome. 
The cap rock is elliptical in plan with its major axis about 14 miles in length and north- 
east-southwest in strike. The beds penetrated in drilling range in age from Jackson 
(Eocene) to Pleistocene. The oil is found on a series of lensing supercap sands. Oil was 
first produced thirty years ago from a shallow well and used for medicinal purposes. 
The real discovery of the oil field followed shortly after the discovery of Spindletop. 
The production reached a maximum of 3,000,000 barrels in 1903, and on account of the 
successive discoveries of new ‘‘sands” has fallen off moderately slowly. The crude oil is 
an 18° Baumé oil with a high content of lubricant stock but also with a rather high 
content of sulphur. Dates are given in regard to production methods and costs. 

DAS B: 


INTRODUCTION 


Location.—The Saratoga oil field is located in Hardin County, 
Texas, about 50 miles northwest of Beaumont. It is reached by a 
branch of the Gulf, Colorado & Santa Fe Railroad extending 10 miles 
south from Bragg, a station located on the main line between Beau- 
mont and Somerville. Saratoga is about 13 miles slightly west of 
north of the Sour Lake field, and about 7 miles northeast of the 
Batson field. 

History.—Attention was first attracted to Saratoga as a possible 
oil field because of surface indications similar to those at Sour Lake. 
The sulphureted and sour waters at Saratoga were considered very 
beneficial to the health in the early days, and people came in con- 
siderable numbers in the summer time to drink them. Gas seepages 
had been noted here for years, as had also seepages of oil. Fenneman? 
states that there were at Saratoga “‘certain spots in which the soil 
is impregnated with asphaltic substance.” 

« Published by permission of E. T. Dumble, consulting geologist, Southern Pacific 
Co., Houston, Tex. 

2N. M. Fenneman, U.S. Geol. Survey Bull. 282, p. 58. 
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The first well at Saratoga of which we have record was located 
just southwest of the center of the J. F. Cotton tract. It is interest- 
ing to note that this well was about in the center of the present pro- 
ductive pool. It was drilled with very primitive tools but actually 
produced a small amount of oil by bailing, the oil being used for 
medicinal purposes. In 1896 Savage Brothers became interested in 
Saratoga and drilled a well to a depth of 250 feet near this first well, 
obtaining a small amount of water and oil. Later, W. P. Conroy 
started a well about 3 mile to the south, but the tools became stuck 
at 120 feet and he was forced to abandon the test. Savage Brothers 
drilled several shallow wells with cable tools in the southwestern 
part of the J. F. Cotton tract between 1896 and 1900, but without 
any pronounced success. 

After the bringing in of the Spindletop pool in 1901, interest was 
renewed in Saratoga and considerable drilling was done. The Sara- 
toga Oil and Pipe Line Company completed their No. t Hooks (Rio 
Bravo Oil Company No. 200), at a depth of 995 feet, with an esti- 
mated production of soo barrels. This well was located near the 
middle of the north line of the J. F. Cotton 157-acre tract. Their 
No. 2 Hooks (Rio Bravo Oil Company No. 201), was drilled to 1,600 
feet, and brought in as a producer at a depth of 700 feet. The well 
was located near the site of the Savage Brothers’ drilling. The 
holdings of the Saratoga Oil and Pipe Line Company, comprising 
all the land.on the’ 5.3.5? & C. survey No: 1132, Re Veelay ak. 
Cotton, and 93.69 acres of the C. F. S. Jordit survey, were taken 
over in 1903 by the Rio Bravo Oil Company. 

During 1903 intensive exploitation took place in the vicinity of 
the northwest and southwest corners of the J. F. Cotton tract. 
During this year the field is credited with a production of 150,000 
barrels of oil. The principal operators in the field at this time were 
Producers Oil Company (The Texas Company), J. M. Guffey Petro- 
leum Company (Gulf Production Company), Rio Bravo Oil Com- 
Company (Southern Pacific Company), and the Santa Fe Railway 
Company. Up to August, 1904, some $200,000 had been spent in 
drilling and the field production had seldom been over 1,500 barrels 
per day. At about that time, a rich sand was discovered at a depth 
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of about 1,500 feet in a well drilled by the J. M. Guffey Petroleum 
Company on the Greer tract in the northwest corner of the C. F. S. 
Jordit survey. The Producers Oil Company brought in their No. 4 
for 10,000 barrels per day, and the Austin Oil Company brought in 
their No. 1 Moore for 12,000 barrels per day. In May, 1905, the Rio 
Bravo Oil Company brought in their No. 222 Cotton for an initial 
production of 3,700 barrels per day. As a consequence of the de- 
velopment following upon the bringing in of these large wells, the 
production for 1905 amounted to almost 3,000,000 barrels, the larg- 
est production for any year in the history of the field. For a short 
time in the early part of 1905 the daily production at Saratoga 
amounted to 20,000 barrels per day. In February, 1905, salt water 
began to show in the large wells and the daily production slumped to 
less than 10,000 barrels per day. With the exception of the large 
wells completed in 1904—5 it might be said that the average comple- 
tion at Saratoga is a small well, seldom good for more than 400 barrels 
per day. 

The production at Saratoga gradually fell off until in 1911 it was 
less than 1,000,000 barrels. In 1912 a good sand was developed at 
about 1,200 feet in the northeast part of the C. F. S. Jordit No. 1 
survey, and an active drilling campaign ensued. As a consequence, 
the production for 1912 rose to 1,100,000 barrels. The production 
of the field gradually declined from 1912 to 1917, during the last 
year of which period but 683,000 barrels were produced. In 1918 
new production was discovered in the extreme northwest corner of 
the Nancy Fuller survey and southwest corner of the R. Teel tract. 
This production, which came from around 1,900 feet in depth, raised 
the 1918 production to 790,000 barrels. In the latter part of 1920 
and early part of 1921, production was developed by the Sun Com- 
pany, Gulf Production Company, and Weldon Oil Company from a 
shallow sand (600-800 ft.) in the Mary E. Hopkins No. r survey 
just west of the northwest corner of the J. F. Cotton tract. This 
caused a drilling boom which increased the 1921 production to 
936,000 barrels. The various booms at Saratoga can be noted very 
clearly on the yearly production curve shown in Figure 1. 

In December, 1923, drilling activity at Saratoga was at its lowest 


BARRELS ———> 


JOHN R. SUMAN 































































































IT 
38 
1913 


Pat Ser PRE Se eS 
Sts Roy eS Se ae 
Y, 


Fic. 1.—Yearly production, Saratoga field 








ebb; only two rigs were running in the field; and the daily production 


had fallen off to 1,500 barrels per day divided as follows: 





Barrels 

RiomBravolOilsCompanyeesaserar er 600 
SUNY COMPAaANyA stews scans aero staets 320 
CulisProductionsCompanyAeeee aera ae 100 
ParpitBrothers te eercce coe eer rs 170 
Wieldon@ili@ompanyAneee ieee 140 
Resna@iliCompanyauer eer eeeee cere 70 
Niscellaneoustne- eee einer 100 

Wo) ey eens Om ared a oat ye tl ood I, 500 


The production for 1923, 603,000 barrels, was the lowest in the his- 
tory of the field. 


GEOLOGY 


The Saratoga field is on the outcrop of the Columbia sands, as 
mapped by Kennedy. As shown by the accompanying map (Fig. 2), 
the total amount of relief within the field is about 40 feet. The sur- 
face is considerably dissected by drainage from Pine Island Bayou to 
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the south and Black Creek to the north. As topographic relief of 40 
feet is not uncommon in the area of Columbia sand outcrop, it is 
doubted if the topography has much relation to the subsurface dome. 
It is also to be noted that the highest part of the field, topographi- 
cally, is about 3,000 feet slightly north of east of the highest eleva- 
tion of the dome. 

The soil in the Saratoga field is very sandy, and the surface was 
heavily forested at the time oil was first discovered. The timber has 
been removed, for the most part, as the drilling has proceeded. 

Underlying the Columbia sands which outcrop at Saratoga are 
the Lafayette sands and gravels. For the most part these are fresh- 
water sands, and boiler feed water is obtained from them down to 
500 feet. As the Beaumont clays are not found at Saratoga, the 
ratio of sand to clays penetrated is much higher than in almost any 
other field on the Gulf Coast. 

The geological formations penetrated at Saratoga are as follows: 


PLEISTOCENE Thickness 


in Feet 
Columbia sands. Gray sand and gray and brown mottled sandy 
GLADYS hacia s Symi eel PO aks jaoonahs taione cfae owenvabe, SNS Gare se sete aha I00- I50 
PLIOCENE? 


Lafayette. Sands and gravels. Coarse “‘rice sands” and fine gravel 
with some clayey layers. Formation carries good grade of fresh 
water where underlying salt water has not been allowed access 
to it by drilling. Locally cemented into hard sandstone...... 400-1,300 


MI0cENE 
Fleming equivalent. Blue gumbo and shales with sand and shale 
development locally. Sands are gray colored and medium fine 
grained. Fossil sea shells and Foraminifera found in this forma- 
tion classify it as Miocene in age and either the time equivalent 
of the Fleming formation or slightly older.................. 700-T , 200 


OLIGOCENE 

Series of green-gray and lavender shales and gumbos and sandy 
shales in Gulf Production Company No. 2 Teel and Rio Bravo 
Oil Company B-83 have been classified on paleontologic evi- 
dence as Oligocene. Also black shales have been encountered 
in a few instances in Saratoga wells. Such shales from 1,910 feet 
in Rio Bravo Oil Company No. B-25 have been classified as 
GIB OCENE sige He Seraiere teu e Sawai crn's vide sy qriieie Sais» s\4i8 0s 200- 700 
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EOCENE 
Jackson sandstones. Jackson fossils are reported as having been 
found in cores taken from Rio Bravo Oil Company well No. 
218.* The records giving the depth at which they were found 
and the name of the forms have been lost and we are unable 
to give complete details. 
* Trans. AI.M.E., Bull. 104 (1915), p. 1632. 


Saratoga is a rather deeply buried dome. The highest point on 
the cap rock is about 1,500 feet below the surface. Saratoga is a 
large, rather broad, flat dome with gently dipping sides (Fig. 3). The 
dome is roughly elliptical in shape with its longer axis extending in a 
general northeast-southwest direction. At a depth of 2,000 feet, it 
is 13 miles across along the longer axis. The dip on the cap rock from 
the center of the dome outward, as shown by the cross-sections, is 
flat—as nearly as can be measured about 10° to the northeast and 
about 9° to the southwest. With the possible exception of occurrence 
of Jackson fossils rather high in one well, the drilling to date has 
failed to give any evidence of faulting on the sides of the dome, but 
it is possible that such faulting does exist to the northwest or to the 
extreme southeast. The logs of the few deep wells which have been 
drilled on the edge of the dome show conclusively that the dip of 
the cap rock becomes much steeper after the 2,700-foot contour is 
crossed. This is well shown in the cross-sections (Fig. 4). 

The Saratoga dome is very peculiar in some respects. In only one 
well, the Sun Oil Company No. 134 McShane, in the extreme north- 
eastern part of the field, has rock salt been logged. Mr. R. W. Pack,? 
‘manager of the Sun Company, states that although the formations 
were very salty, it is not definitely known that rock salt was en- 
countered as no cores were taken. 

Well No. 259 Jordit, of the Rio Bravo Oil Company, logs lime- 
stone and rock from 1,555 to 1,758 feet, a total thickness of over 
200 feet. Professor W. F. Cummins has informed the writer that the 
cuttings from this well consisted principally of anhydrite and selen- 
ite. In the contouring of the dome, the top of the thin limestone 
cap overlying the anhydrite is taken as the top of the dome. This 
surface is irregular and in some instances might take in sandstone 


t Personal communication. 
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Fic. 2.—Topography, Saratoga field 
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Fic. 3.—Contours on cap rock, Saratoga field. Contours based on elevation 
below sea-level. 
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layers which have become cemented with lime. There is evidence 
that the limestone cap is thicker in the center of the dome than on 
the edges. Well No. 332 Cotton, of the Rio Bravo Oil Company, had 
anhydrite from 1,918 to 2,061 feet and very little limestone. Well 
No. 269 B.B.B. & C., of the Rio Bravo Oil Company, had about 45 
feet of limestone (1,870-1,915 ft.), and then penetrated anhydrite 
for about 300 feet (1,930-2,224 ft.). Although rock salt is not known, 
actually to occur under the limestone and anhydrite, it is assumed 
to be there. The thickness of limestone and anhydrite overlying the 
salt is possibly much greater than in the average dome. 

The Columbia-Lafayette sands and gravels covering and sur- 
rounding this dome are supposed to lap up on the edge of it and to 
have a pronounced thickening from the center of the dome outward. 
The Fleming beds are about 700 feet thick in the center of the field 
but appear to thicken to about 1,200 feet on the edges. The Oligo- 
cene beds thicken from about 200 feet at the center to about 700 feet 
on the edges. 

A considerable fauna of macroscopic fossils has been obtained 
from certain of the wells drilled at Saratoga. The Miocene has a fair- 
ly good invertebrate fauna in the northern part of the field, and 
Miocene vertebrate remains have been recovered from the southern 
part of the the field. The Miocene formations penetrated by the drill 
have yielded a fairly good foraminiferal fauna. The Oligocene has 
yielded a good foraminiferal fauna but few macroscopic forms. Spe- 
cies found in the various wells are as follows: 


FOSSILS FROM WELL NO. 346 B.B.B. & C—RIO BRAVO OIL COMPANY 


From a depth of 922—1,000 feet 
Divaricella? chipolano, Chipola 
Corbula radiatula, Oak Grove 
Lucina crenulata, Oak Grove 
Arca, close to an Oak Grove species 
Cancellaria, quite close but not identical to an Oak Grove species 
Nassa? sp. 

Terebra sp. 

Actaeon sp. 

Natica cf. canrena 

Terebra cf. dislocata 

Turritella subgrundifera, Chipola 
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From a depth of 1,040-80 feet 
Corbula n. sp., not Galveston well species or Oak Grove 
Fragments of Chione, possibly C. glyptocyna from Oak Grove 
Fragments of Arca, Strigillia, Divaricella, and Phacoides 
Chama, may be Oak Grove species 
Turritella fragment cf. T. subgrundifera, Oak Grove 
Phacoides cf. sphaeriolus Dall, Chipola 


FOSSILS FROM WELL NO. 293 COTTON—RIO BRAVO OIL COMPANY 


From a depth of 1,140-59 feet 
Astarte sp. 
Turritella sp. 
Cardium sp. 
Divaricella, 2 sp. 
Chione fragment 


From the list it appears that these beds are of Lower Miocene 
age. 


Strigillia sp. 

Corbula cf. swiftiana 

Lucina, close to L. crenulata 

Donax sp. 

Cerithium? sp. 

Solarium? sp. 

Chione, worn sp. cf. C. glyptocyna, Oak Grove 


This fauna also appears to be equivalent in age to the Oak Grove. 
Determinations by Mrs. Dorothy K. Palmer, in the Rio Bravo Oil 
Company laboratory. 


VERTEBRATE REMAINS FROM WELL NO. 262 JORDIT—RIO BRAVO 
OIL COMPANY 


Bones obtained between 400 and 600 feet 
Lower molar fragment of protohippine horse probably Hipparion or Pro- 
tohippus 
Shaft of femur uf Merycodus 
Ungual phalanx, compares closely with Hipparion lenticulare Cope 
Lumbar vertebrae of horse (?) 
Fragment of turtle shell 
Jaw fragments probably rhinoceros or camel 


This material resembles very much the vertebrate remains 
obtained on the outcrop from the Fleming formation. 
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FORAMINIFERA FROM WELL B -83 B.B.B. & C.—RIO BRAVO OIL COMPANY 


From a depth of 1,898-1,907 feet 
Anomalina n. sp. (taylorensis)* 
Pulvinulina n. sp. (saratogaensis)* 
Frondicularia n. sp. (saratogaensis)* 
Vaginulina n. sp. (saratogaensis)* 
Vaginulina n. sp. (near bradyi)* 
Discorbis n. sp. (saratogaensis)* 
Nodosaria n. sp. 

Nodosaria cf. vertebralis 
Globigerina dubia? var. 
Textularia globulosa? var. 
Pulvinulina n. sp. (hardini): 
Cristellaria n. sp. (saratogaensis)* 


The foregoing fauna has been placed as Miocene by Mrs. Esther 
Richards Applin because of its stratigraphic position, overlying the 
Oligocene found below, and because of the absolute difference in the 
faunas found, probably indicating a considerable time-break be- 
tween their deposition. 


From a depth of 2,177-87 feet 
Discorbis bertheloti var. 
Amphistegina lessoni var. 
Truncatulina americana var. 


According to Mrs. Applin, these forms are common to and char- 
acteristic of the uppermost or Discorbis zone of the Middle Oligocene. 


FOSSILS FROM 2,060 TO 2,093 FEET IN GULF PRODUCTION COMPANY— 
TEEL NO. 2 
Cytheritsis cf. ashermani 
Nomnionina scapha 
Globigerina bulloides var. 
Amphistegina lessonii (young) 
Polystomella sp. 
Pulvinulina texana 
Nonionina scapha var. 
Truncatulina americana var. 


These are classified by Mrs. Applin as of Oligocene age. 
Peculiar concretions from Saratoga wells.—A considerable quantity 


* Manuscript names of undescribed species. 
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of odlitic barite has been bailed from certain Saratoga wells. It is 
described by E. S. Moore? as follows: 


The concretions take several different forms. Some of those from a well 
1,350 feet deep, at Saratoga, are pisolitic, as they consist of concentric spheres 
and are from 3 to 5 mm. in diameter. They are of a dirty-white color. Other 
samples show irregular structures and the material is porous, somewhat like very 
fine-textured pumice in appearance, and this type was found in wells in both 
areas. In some cases the structures take the form of rings and resemble traver- 
tine, which has been deposited around stems or roots of trees. 

The most interesting type, however, came from a well at Saratoga at a 
depth of 1,130 feet. These are latge odlites ranging in size from 1.25 to 3 mm. in 
diameter and varying in shape from nearly perfect concentric spheres to ovoids. 
In thin-section they usually show a great number of extremely fine lines marking 
the outlines of the spheres. The mineral is cryptocrystalline to amorphous and 
somewhat opalescent in appearance. 

In the center of the odlite there is generally an area of irregular shape occu- 
pied by material which is more porous than that surrounding it and it is not con- 
centrically arranged. It consists of an earthy mass, sometimes slightly stained 
with iron oxide, with extremely small crystals of what seems to be barite 
arranged along open spaces and mixed with the earthy material. It is possible 
that some of these crystals are barium-orthoclase, as the optical properties 
correspond to those of that mineral. The interference colors are bluish gray and 
the extinction angle is zero or very small. A little calcite was found in two thin- 
sections and a little quartz in another, while it is believed that a small amount of 
clay is also present. In four thin-sections examined and in the large number of 
concretions crushed for purposes of analysis no definite body, such as a sand 
grain or similar structure, was found serving as a nucleus. Outside of the earthy, 
central mass the material is concentrically arranged and the spheres marked by 
very fine lines. It appears that the concretions began to form by deposition of 
barite in both a crystalline and earthy condition, with small amounts of other 
minerals, and that this later continued to precipitate more rapidly in a purer 
condition, either as a replacement of some other mineral or in open spaces in the 
sand. No evidence of replacement is found unless it be the traces of calcite 
existing in some odlites, as the concretions are loose and not embedded in a 
solid rock. 

In color the odlites are white to bluish gray, and they are very smooth on 
the outer surface. From their appearance they were at first thought to be chert 
concretions, but an examination showed a specific gravity of 4.25 and a flame 
coloration for barium, strontium, and a trace of potassium. 

The Saratoga barite somewhat resembles that from Montana in color and 
form, but it is distinctly odlitic or pisolitic, and it is partly cryptocrystalline to 
amorphous. 

rE. S. Moore, “Oolitic and Pisolitic Barite from the Saratoga Oil Field, Texas,” 
Geol. Soc. Amer. Bull., Vol. 25, pp. 77-79: 
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As stated above, the flame test indicated barium, strontium, and a trace of 
potassium. A chemical analysis made by Mr. L. J. Youngs, of the Department 
of Geology and Mineralogy of the Pennsylvania State College, to whom I am 
indebted for these figures, shows the following percentages: 


SiO WEA eCo eens 0.08 SOlneedicatis ae es 35.104 
TAN 6 coe te ore Onan e BLOLen ty ecee oem \ Bee 
HIRO e citeerciecre: 0.07 Volemialtters neti 

CaO carer eaten tears 257 20\e BaSOpnen ieee 88. 54 
STO ere reer era 2ROOTs | OLS Os arene treater BAe 
Ba Waar corte acinar tsysrecy 58.17 CaSO) Fee eee err Seal, 


In discussing this matter with Mr. E. G. Woodruff, he stated that at least 
some of these concretions undoubtedly formed in the wells after they were 
equipped, because they had been found reaching a quarter of an inch in di- 
ameter, in a well with a screen on the tubing, the mesh of which was altogether 
too small to admit a concretion of the size stated. ... . When a nucleus is 
present it consists of earthy material made up mostly of clay and barite and 
this mass is often stained with iron oxide which gives the center of the concretion 
a brownish tint. 

This additional information is interesting from the standpoint of its bearing 
on the origin of concretions. It would be practically impossible for bacteria or 
other low types of life, which are believed to play an important part in the origin 
of odlites, to exist in a liquid with such strong antiseptic qualities as those of 
warm petroleum containing considerable sulphuric acid. It would seem to 
demonstrate that living organisms are not essential to the development of 
odlites and that these may form where precipitation is taking place in an 
agitated solution, in the absence of life. 

Oil and gas.—The oil and gas at Saratoga is very irregular in its 
occurrence, and correlation from well to well is extremely difficult. 
On account of local cementation of sand layers into hard, limy sand- 
stones logged as “‘rock,”’ great difficulty is experienced if one tries to 
correlate on rock strata. Logs of wells drilled very close together 
vary considerably as is evidenced by wells Nos. 295 and 288 of the 
Rio Bravo Oil Company. These wells are only 30 feet apart and yet 
their logs are entirely dissimilar. From a study of logs one could 
easily jump to the geologist’s stock conclusion that the dissimilarity 
was all due to the rotary system of drilling and the drillers; but the 
writer’s close observation of the field over a period of about eleven 
years leads to the conclusion that the drillers’ logs are reliable. There 
is so much difference in the way that sand, shale, gumbo, and rock drill 
that a driller would have to be most ignorant and careless to make 
large errors in his log. All drillers for the Rio Bravo Oil Company 
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log changes in formation accurately as soon as they have gone from 
one formation into another. The conclusion reached is that there is 
a marked lensing or change in formation laterally at Saratoga and 
the oil is found in certain zones, and that accumulation is governed 
in some cases by this phenomenon. This condition and the occur- 
rence of water, oil, and gas at Saratoga is very well described by 
Fenneman’ as follows: 


While any one bed, whatever its composition, may pass laterally into a bed of 
any other composition, and the drill is therefore liable to encounter almost any ma- 
terial at almost any depth, there are certain horizons which are characterized by a 
large predominance of one kind of material. As an illustration of this, there is in 
almost all of the wells in the southwestern part of the field sand or gravel, or both, 
at a depth approximating 500 feet. That this occurrence represents merely a 
horizon abounding in local sands and gravels and not one continuous stratum is 
plain from the diversity in thickness, number of beds, and depth reported. 
Thicknesses vary from a few feet to more than a hundred. In one well there may 
be but a single bed of great thickness; in another near by the sands or gravels at 
approximately the same horizon may appear in half a dozen beds separated by 
intervening clays. The minor diversities of depth would require that any scheme 
of correlation should hypothesize sharp folding of these unconsolidated sedi- 
ments. In the same part of the field [the southwest], depths between 800 and goo 
feet generally show sands to which the description given above would apply. In 
at least a small part of this quarter of the field a thick sand has been found in 
all the deep wells between 1,400 and 1,500 feet. It is possible that this sand is a 
single and well-defined bed. In the northern part of the field sands have been 
found quite generally at depths between goo and 1,000 feet. Above this sandy 
horizon, for a thickness of from 200 to 400 feet, little sand is found, the sediment 
being almost entirely clay. The same is true of the 100 or 200 feet of sediments 
overlying the sandy zone found at a depth of 800 feet in the southwestern part 
of the field. 

While the sandy zones here described are not to be understood as continuous 
strata, but rather as large thicknesses within which limited beds of sand are 
very frequent, it may still be true that these small beds are so thickly crowded 
as to afford continuous passage for fluids [Fig. 5]. For example, it seems certain 
that in the southwestern part of the field the s5oo-foot horizon of sands and 
gravels is for all practical purposes an artesian stratum. It is, however, dis- 
tinguished from an artesian stratum, strictly so-called, by the fact that its 
varying depths at different places do not indicate dips of the beds. This being 
the case, it is impossible to infer from even a large list of depths, however 
carefully correlated, what the depth of the sand might be at any other place, 
however near. ; 


‘Op. cit., pp. 58-69. 
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Showings of oil are found at almost any depth and at irregular intervals. 
There is no considerable thickness of sediment which does not in some part of 
the field afford a showing of oil or gas. In the southwest quarter of the field oil 
in commercial quantities has generally been found in the sands at a depth of 
800 or 900 feet. The deeper oil, which has been obtained from a small spot in 
this part of the field, is found in the thick bed of fine sand encountered at a 
somewhat uniform depth of about 1,400 feet. In the northern part of the field 
most of the oil has been found between goo and 1,000 feet deep. In each case 
the almost complete absence of sands from the next higher clays has given to 
the latter the character and function of a cap rock. 





Pec] sand == 

Fic. 5.—Illustration (after Fenneman) showing accumulation of oil in sandy 
zones in beds having little dip. 

Ideal section of irregularly interbedded sands and clays. Oil may be borne up 
from A and B past C, D, E, and F, accumulating at 1, 2, 3, 4,and 5. The propor- 
tion of clay may be much larger than here represented, and the motion of the fluids 
may be more nearly horizontal. 


The oil in this field is not generally accompanied by the large amount of 
gas found in the rock wells of Spindletop, Sour Lake and Batson. With the 
exception of a few wells, gushing has been of a milder type than that of the 
other fields named. However, while gas does not usually accompany the oil in 
large quantities, it is abundantly present in separate bodies. No field in Texas 
(Humble excepted) has furnished such spectacular blowouts as Saratoga. 
Generally the beds from which these violent eruptions have occurred are in the 
upper half of the well section; that is, above the clay zone which overlies the 
oil. In the northern part of the field large quantities of gas were found at about 
500 feet. In the Rio Bravo No. 215 there were blowouts from depths of 200 and 
600 feet. The same company’s Well No. 211 probably furnished the most violent 
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example. A pocket of gas was struck at approximately 500 feet, giving rise to a 
blowout so violent that the surrounding ground was affected by cracks to a dis- 
tance of 250 feet. From these cracks there were eruptions of mud at distances 
of at least 200 feet from the mouth of the well. A crater was formed a few rods in 
diameter and more than 20 feet deep. The machinery and the wreck of the 
derrick were swallowed. The danger of such occurrences was for a time one of 
the chief difficulties in drilling in this field. At least one similar blowout, though 
less violent, occurred from the 1,400-foot sand, or at about that depth. 

The ground waters of this field are fresh to a much greater depth than those 
of the other Hardin County fields. The strong flow usually met at a depth of 
about 500 feet in the southwestern part of the field is always reported as fresh. 
It appears that, by ill fortune or carelessness, this water was not properly cased 
off in certain wells. When the wells were drilled through the underlying clay, 
this water was given access to the sandy zone containing the oil and soon ap- 
peared in other wells, which had been pumping oil alone. The admixture of this 
water was the more unfortunate on account of the fact that fresh water is sepa- 
rated from the oil with greater difficulty than salt water. 

Below the level of the clay zone which overlies the first important oil the 
water encountered is salt. The amount of salt water pumped previous to the 
drilling of the deep wells was small. The 1,400-foot sand, after yielding oil 
abundantly for a few weeks, began to produce large quantities of salt water. 


All the production obtained at Saratoga has come from sands 
lying above the cap rock. This is in marked contrast to Spindletop, 
Sour Lake, and Humble where the early gushers and a large per- 
centage of the early production was obtained from the porous lime- 
stone or dolomite designated as cap rock. In all cases where the cap 
rock has been tested at Saratoga it has yielded only hot black sulphur 
and salt water, in some cases carrying a very small showing of oil. 
The warmest water measured by the writer was from 1,600 feet 
depth and had a temperature of 115° F. 

In comparison with other Gulf Coast fields the Saratoga oil is 
rather heavy. The specific gravity varies from 15° to 22° A.P.I., ac- 
cording to the depth at which it is found, the gravity at depth being 
about as follows: 


GOO COOM tas nice tes sss: 15°-16° A.P.I. 
BOO=TIOCOOME Ray epic «sttres tens 17°-18° A.P.I. 
EYNOOHt WACO sti an co uley pneee aes 19°-22° A.P.I. 
Tes OCet sOCribacee vba hear Fie’ 22°-26° A.P.I. 


There are, however, certain rare, freak wells of shallow depth in the 
field which have yielded oil up to 26° A.P.I. 
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The Saratoga oil in common with all Gulf Coast crude is of 
neither a paraffin nor asphalt base, if these terms are allowable, but 
is of a neutral or napthene base, This crude runs extremely high in 
zero cold test lubricants as the following analyses show: 


ANALYSIS OF PETROLEUM FROM SARATOGA, TEXAS 


Physical characteristics: 








(6.0) Che a CH OmInG DOA HOh ne Hae O on OURO OCeU pon HOt Tas5c Black 

OU OT: ate etre oe wai, ais ba cine eae ovnccodeet ee easendat ace oreeceror reyes Strong H.S 

Specilic: cravitveqs corto eee eee acerca 18.4 A.P.I. 

FIASH ar earch ae Cok sac ee, ern eine vere an ead oooh ctareretens eee 230° F. 

Sulphur nae cite ts: vectra vip akiey ota tee etch Sanne ate ter raaairee 0.835% 
Commercial product (by Sinclair Oil and Gas Co.): 

(GASTOU A ee aid ooo oats ite coriaiere seem Tee eel uaa Menara er Terre eta 28.0% 

Parbricant: stock; s.c seek aateae Sesion cee eae oe eee 29.0% 

Bevel ctatvaschstvs «erates ode a cements sree e Mebecacsanl Oe wae eras cua eaten 39.0% 

DBs te ch eat era on xn cree wy A aT NA DIR EIS MBO OTe 4.0% 

100.00% 

Commercial product (by Rio Bravo Oil Co.): 

Gas OUlecs, ies ci komyds oleic ae we etcetera re ere a ae 40.4% 

Hinished Tubricant ya yerajavekesosevs ious sperohat oorereta les olsvoml sone el seyarettets 31.6% 

HAIG] GA. eve com rok ee Se Oe Tare le re sree ameoame 19.6% 

| Ba peepee, Net ERNE aed OPS errr erg Re ys taker Ain ERS od 8.4% 

100.00% 


The average 18° A.P.I. Saratoga crude is conceded to be equal to 
any in the Gulf Coast in amount of lubricants recovered, but the 
high sulphur content causes some trouble in the refining. 


PRODUCTION 


Up to the end of 1923, about 884 wells had been drilled at Sara- 
toga on 672 acres. From this drilling 22,861,841 barrels have been 
recovered, or 34,000 barrels per acre and 25,800 barrels per well. 
On the Rio Bravo Oil Company property 7,142,642 barrels have been 
recovered by drilling 184 wells on 272.7 acres, or 31,500 barrels per 
acre and 38,800 barrels per well. Mr. Charles Paggi' states that the 
Teel 1-acre tract located in the northern part of the Cotton survey 
has produced to date about 300,000 barrels of oil. This is not high 
recovery for the Gulf Coast country but it shows what can be expect- 


t Private communication. 
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ed from a field which has never had cap-rock gusher production or 
deep-flank gusher production. 

One of the saving graces of the Saratoga field has been that al- 
though one never knows when starting a well where he will find a 
good sand or how much initial production to expect, he can usually 
count on the expense of drilling being fairly low. Out of 184 wells 
drilled by the Rio Bravo Oil Company since 1903, the average cost 
per well has been $4,760. Wells 1,000 feet deep have been drilled 
completely equipped for pumping, including casing, strainer, rods, 
and tubing, at a cost as low as $1,600. The average cost for a com- 
pletely equipped 1,400-foot well prior to 1914 was about $3,500. 
Of the 184 wells drilled by the Rio Bravo Oil Company, the average 
initial production was 110 barrels; the highest initial production, 
3,700 barrels; and the lowest, 3 barrels. Of the 184 wells drilled by 
the Rio Bravo Oil Company, only 11 have been dry holes. 

All drilling is done by the rotary system. When not cemented 
into sandstone the upper 500 feet or so of Columbia and Lafayette 
sands and gravels drill very easily, and it is not at all uncommon for 
a drilling crew to make 300-450 feet of hole in the first day’s drilling. 
It is also not at all uncommon to drill and complete a well to the 
800-foot sand in seven or eight days. When the upper sands are ce- 
mented and hard, the drilling is slower. It is of interest to note that 
some of the earliest coring with the rotary was done here in 1905. 
As rock bits had not been invented, it was common practice to use 
a plain slotted-end core barrel and adamantine. Cores 10 and 12 
inches in diameter were removed. After coring, the rock drilling in 
the softer formations with fish-tail bit was resumed. 

The present practice is to drill an 8-inch hole down to a tough 
gumbo stratum lying just above the zone in which oil is expected. 
Ordinary 6-inch line pipe is landed for casing and a formation shut- 
off made. The hole is usually bailed to test for shut-off, and these 
tests are usually satisfactory. No instances are known of any water 
strings ever having been cemented at Saratoga. After the testing 
for the shut-off, drilling is resumed with 53-inch fishtail bits. The 
first sandy zone encountered is watched closely for oil content. Oil 
is usually found in what is logged as “sand and shale.” If the first 
sands encountered seem to be water sands, drilling is continued until 
an oil sand is encountered. Usually 50 or 60 feet of the oil-bearing 
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sand and shale is desired. As soon as enough of this formation has 
been encountered to make it fairly certain that some kind of a well 
will be obtained, the drilling is stopped and strainer is set. The 
strainer string is usually the 4- or 43-inch size. 

If a water sand is thought to be present above the oil sand to be 
tested and below the bottom of the 6-inch casing, a canvas ‘‘boot- 
leg”’ packer is run on the strainer string preferably to come opposite a 
layer of gumbo. The object of this boot-leg packer is to make a 
shut-off between the supposed water sand and the supposed oil 
sand. It is really remarkable how often this method of shutting off 
water is successful. 

The strainer string contains the strainer to be set opposite the 
oil sand, the boot-leg packers, and on the bottom a back-pressure 
valve and a wash plug. Wash pipe, usually 2-inch size, is placed 
inside the strainer with a wash ring at the top. It is run into the 
hole and held about 2 feet off bottom. The hole is then washed with 
clear water to remove drill mud from the face of the oil sand, and 
after washing operations are finished the pipe is set down on bottom. 
The wash pipe is then fished out and the hole bailed. If the gas 
pressure is not strong a great deal of bailing may be necessary. 
Sometimes a well may be bailed for a week or so before it comes in. 
Wells good for 200 or 300 barrels will usually flow some as soon as 
bailed down. 

The sands in the Gulf Coast fields are usually soft and fine 
grained. This necessitates setting of very fine strainer. The average 
strainer set has openings between the wire for admission of fluid of 
only .o12 inches width. The three sizes of strainer most commonly 
used are as follows: 


Width of 

Layne & Bowler McEvoy |Getty (Mesh)| Opening in 
Inches 
Ome 12 5° -O12 
.O1O Io 60 O10 
-009 9 70 .009 


Of late years it has become common practice to run the 4-inch 
strainer string up into the 6-inch casing only 50 or 60 feet. In this 
case a canvas adapter packer is set between the 4-inch and 6-inch 
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to make sure that water does not enter the well between them. The 
strainer-string containing this packer is run in on the drill stem 
with setting tool attached. After washing and setting the packer, 
the drill stem is pulled and the wash pipe comes out with it. 

It sometimes happens that where 50 or 60 feet of strainer has 
been set the bailing will show nothing but salt water. In such cases 
it is customary to cement off the bottom of the setting 5 or 10 feet at 
a time to see if the water is bottom water. This is often a successful 
operation and many good wells have been made in this manner. 

Frequently after completing a well as dry it is decided that there 
are sands behind the water string which should have been tested. 
This condition often arises after a well goes dry which has been 
pumping for ten or twelve years. If the well has but recently been 
completed, it is customary to drop a whip-stock in the hole and mill 
through the 6-inch pipe about 50 feet above the point where it is 
desired to test. A 54-inch hole is then made down to the sand and 
strainer set in the customary manner, using plenty of boot-leg 
packers. In an old well where the mud behind the pipe has had a 
chance to settle for several years, it is customary to perforate the 
water string opposite the sand. Remarkable results are frequently 
obtained in this manner. For instance, well No. 212 B.B.B. & C., 
of the Rio Bravo Oil Company, was drilled to a depth of 1,057 
feet in May, 1904, and had an initial production of 119 barrels. In 
1914 the production had declined to 1 barrel per day and it was de- 
cided to perforate the 6-inch casing opposite a sand logged from 850 
to 865 feet. This was done and the well started off with 60 barrels 
per day initial production of 17° A.P.I. gravity oil and no water. 

In carrying on repair work the 4-inch strainer string is often 
perforated in places where no strainer was set. This sometimes gives 
good results. In fact, when a well gets down to the point where 
abandonment is necessary, it is usually perforated opposite all 
logged sands below 600 feet before it is given up as hopeless. In 
addition, there are some instances where the perforating or ripping 
of old strainer has been extremely successful. After perforating 
operations an attempt is first made to pump the well without setting 
strainer. If the sand bothers too much, 23- or 3-inch strainer must 
be set inside the old 4-inch. 
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It is common practice on the Gulf Coast to deepen a well by 
drilling out the wash plug and back-pressure valve set on the 4-inch 
strainer string. Two-inch drill stem is used in this work. The well is 
deepened until new sands are picked up and a 23-inch strainer is set 
through the 4-inch opposite the lower sands. Sufficient packers are 
used in this setting to pack off fluid which might enter the hole from 
the 4-inch strainer. 

While drilling costs at Saratoga are relatively low, the pumping 
costs are high, due to the large amount of sand which comes into 
the wells sooner or later. This necessitates frequent pulling of rods, 
frequent replacement of pumping equipment, and the using of special 
material. The lifting cost is also high because of the small amount 
of oil produced per well and the large amount of water which the 
wells make and which must be handled by the pumping equipment. 
The average lifting costs in cents per barrel for the Rio Bravo Oil 
Company since 1905 have been as follows:" 


Cents per Barrel 


TOO San tecnersnerseeeesss Ais eee ery eR eee 4.38 
EQOOR rctatecantove eco ce co eens we omtmeraene Omen 
TOO] Ween ene: crete eeder Serpette ae 8.91 
TOOST Ee. Wasune Astcmtuenn so iseoe aucneeee II,07 
TOOO Asati tener ura reices ereae ty ttys 15.34 
TO LOR pyetecshs sreicensy seas eva ene 16.03 
LOL Lint earaios cet ieee cae Se Ren 14.43 
EOL 2 cesar Wee eer were asyote, oeetee Prenton 14.70 
MOL Scie seco Matos ois oes chee eres 22.87 
LOR tears ice ei ee acre eters 20.07 
TOL G Pier reac a teen eee 22530 
TOT O senareye aie a chek one ae re: 22003 
LOL favs os oaiete usta ere Came stone 18.13 
TOUS racers cis rseohsr acre oseaie aan ee ears 41.01 
LOTS peacene ae oa on creaec rote 45.68 
TO 2O welarsinre tae chi wee orc nae ees 77.06 
TO2T ahem ony sciae Nev ohoa See nee es ha 64.81 


The wells now producing in the field average less than six barrels 
per well. All wells in the field make water and emulsion in varying 
amounts. The average emulsion reaching the treating plants aver- 
ages 50-60 per cent water, and in addition to this a large amount of 


« This item includes the cost of labor and material on pumping wells, cost of super- 
intendence, and cost of collecting oil. 
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water has probably been bled off at the flow tanks and settling tanks 
before the oil is pumped to the treating plants. 

The Saratoga emulsion is very hard to treat, and considerable 
trouble is experienced in removing the water. Some of the produc- 
tion is treated by electric dehydration but the greater percentage 
is treated by steam heat to remove the water. 
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GEORGE SAWTELLE 
Manager, Kirby Petroleum Company 
Houston, Texas 


ABSTRACT 


The Batson oil field, which has produced 32,000,000 barrels of oil, is underlaid by 
an elliptical anhydrite-capped salt plug, 2 miles long and 13 miles wide, The forma- 
tions encountered are Pleistocene to Oligocene. Most of the production comes from 
the cap rock and Oligocene formations. The field is now (1925) producing 1,400 barrels 
per day from 400 wells. Production curves, contours on the cap rock and cross-sections 
are shown. 


INTRODUCTION 


Location—The Batson oil field is located on the west fork of 
Pine Bayou, 1 mile north of the village of Batson in Hardin County, 
Texas, 6 miles west of Saratoga and g miles north of Hull. The near- 
est railroads are the Gulf Coast & Santa Fe through Saratoga and 
the Beaumont, Sour Lake & Western through Hull. 

History.—After the production from the two Gulf Coast oil 
fields, Spindletop and Sour Lake, began to decline, the Paraffine Oil 
Company was organized by S. W. Pipkin, W. L. Douglas, and other 
business men of Beaumont who had, up to this time, no experience 
in the oil business. Previous to this, W. L. Douglas, who had ob- 
served gas in some water holes and shallow wells in this vicinity, sent 
some samples of spongy earth to a Beaumont chemist who reported 
that they contained paraffin. Although the idea that this material 
was an indication of oil was ridiculed for some time, paraffin earth, 
which was first collected at Batson, is now considered one of the 
best indications of oil in the Gulf Coast. 

On October 31, 1903, nine days after their drilling rig was un- 
loaded at Liberty, the Paraffine Oil Company completed a well at a 
depth of 790 feet producing 600 barrels of oil per day. Six weeks 
later their No. 2 was flowing over 4,000 barrels per day from a depth 
of 1,000 feet. Their No. 3 well went into cap rock and the initial 
production was 10,000 barrels per day. 
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Since the location of the discovery well proved to be near the 
center of the dome, a rapid drilling campaign took place and the 





























































































































































































































































































































































































































peak production, 150,000 barrels per day, was reached March 4, 1904, 
after which, due to salt water, the decline was very rapid (Fig.r). 
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PHYSIOGRAPHY 


The surface elevation of the Batson field is 60 feet above sea- 
level and not more than 10 feet above the surrounding country. Be- 
cause of dense forest this small relief could not be observed when 
the field was discovered. 

SALT CORE 

The Batson field is underlaid by an anhydrite-capped salt core 
which is elliptical in horizontal plane with the major axis running 
in a general northwest-southeast direction. The top of the dome is 
greatly undulating and covers an area of 4oo acres. The highest 
point on the cap rock is 1,081 feet below the surface. At the 4,000- 
foot contour the dome is 2 miles long and 14 miles wide (Plate 8). 

Since most of the wells drilled at Batson lost returns in or near 
the cap rock, only one well was carried into the salt. The Gulf Pro- 
duction Company Douglas No. 3 hit cap rock at a depth of 1,162 
feet and salt from 2,050 feet to 2,170 feet. The Gulf Production 
Company Wing No. 138 hit cap rock at 1,412 feet and had hard rock 
with thin layers of gypsum to 1,812 feet. Both of these wells were 
abandoned. 

The Kirby Petroleum Company obtained cores of white granular 
massive anhydrite from three wells on the west side of the dome. 
None of the logs obtainable showed any sulphur. 

Drillers who had completed wells on the west side of the field 
stated that there were a false cap and a break of soft material above 
the real cap rock. Cores from the Kirby No. 1 Milhome showed this 
false cap to be 6 feet of highly cemented sandstone and the soft ma- 
terial to be 4 feet of volcanic ash. 


SEDIMENTS 


The surface material at Batson is a mixture of sand and clay, 
probably of Pleistocene age. Wells off the dome show 1,000 feet of 
Lafayette and under this from 1,200 to 1,800 feet of Fleming, fol- 
lowed by 200 feet to 800 feet of Oligocene. On top of the dome there 
is a thinning and compression of beds (Fig. 2). 

A core from the Cavit-King No. 1 shows Oligocene at 1,180 feet. 
The Cavit-King No. 2 shows volcanic glass suggestive of the Oligo- 
cene at 1,060 feet. The lithology of a sample taken from one of the 
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Paraffine wells on the top of the domes compares with that frequently 
found in the upper non-fossiliferous Oligocene (cores examined by A. 
C. Ellisor.) The Oligocene in the Texas-Autrey No. 1 on the west 
side of the dome is approximately 400 feet higher than the same 
formation in the Paraffine-Humble Lejarza No. 3 on the east side. 

The Eocene has never been observed in any of the Batson wells, 
but the following cores containing a foraminiferal fauna indicative 
of the Oligocene have been found in wells off the dome: 

Texas Company-Autrey No. 1, samples examined by H. T. Kniker, 

Depth 3,063 feet 
Balanus sp. 

Discorbis bertheloti 
Globigerina sp. 

Depth 3,156 feet 
Amphistegina lessonit 
Pulvinulina texana 

Depth 3,704 feet 
Haplophragmium sp. 
Polystomella striatopunctata 

Paraffine-Humble Lejarza No. 3, samples examined by A. C. Ellisor, 

Depth 3,747 feet 
Heterostegina antillea 
Polystomella texana 
Pulvinulina texcana 
Cristellaria sp. 

It is interesting to note that in the Texas-Autrey No. 1, 1,000 
feet off the west side of the dome, a sand core from a depth of 3,063 
feet had a dip of 47 degrees, a sandstone core from 3,170 feet showed 
a dip of 38 degrees, and a shale core from 3,729 feet had a dip of 
44 degrees. 

PRODUCTION 

The 1,150 wells drilled in the Batson field have produced over 
32,000,000 barrels of oil from 560 acres of land ranking eighth among 
the Gulf Coast fields in total production, and it is now (1925) pro- 
ducing 1,400 barrels per day ranking tenth in present daily produc- 
tion. Part of this oil comes from the cap rock, and part of it is pro- 
duced from sands which are encountered at various depths from 189 
feet to 3,500 feet. One company, now producing oil in this field, is 
pumping 44 wells averaging 1o barrels per day per well and their 
lifting charge is 4o cents per barrel. 
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Batson has produced a great variety of oils. The Sun Company 
had a shallow well yielding 14.6° Bé. oil. The Kirby Petroleum Com- 
pany brought in a 5,000-barrel well on the Hodges lease with 40° Bé. 
gravity oil at 3,230 feet, but it produced only a few days. 

Since this rapid decline is the history of nearly all light oil wells 
in the Gulf Coast, a method was desired whereby the gravity of the 
oil could be determined by analysis of the oil from the core, thus 
eliminating the testing of sands which contained light oil. Dr. L. 
Porter, chemist for The Texas Company, had previously suggested 
the miscibility of water and alcohol. Many experiments in the Kirby 
Petroleum Company laboratory resulted in the following very suc- 
cessful method: The oil is leached from a sand core with ether and a 
drop of the oil obtained is added to a quantity of alcohol in a hydrom- 
eter jar. The oil, being heavier than alcohol, sinks. By the slow 
addition of water an alcohol-water solution can be obtained which 
has the same gravity as the oil, thus causing the drop of oil to mi- 
grate through the solution. The gravity of the solution is then ob- 
tained by the use of a hydrometer. In two offset wells, the applica- 
tion of this method enabled the operators to set screen in sands 
which produced 24° Bé. and 20° Bé. gravity oil. 

Many wells on the west side of the dome encountered an enor- 
mous gas pressure at depths of 1,800 feet, 2,800 feet, and 3,200 feet, 
but the pressure never held up for more than a few days. The high 
pressure was probably due to the fact that the formations there are 
sealed by compression and faulting. For the same reason none of the 
oil wells drilled on the Hodges lease have held up although all four 
of these wells came in with an initial production of more than 1,000 
barrels per day per well. 
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ABSTRACT 


Barbers Hill is a moundlike elevation in the extreme northwestern portion of Cham- 
bers County, Texas, 26 miles northeast of Houston. It is oval in shape, covers an area 
of 1,718 acres, and rises 45 feet above the surrounding prairie. This elevation is the re- 
sult of an intrusive salt plug which has raised the surface above its normal position. 

The salt plug is composed of almost pure rock salt and is capped by deposits of 
gypsum anhydrite and limestone. Formations surrounding the salt plug are inclined 
at steep angles dipping away from the salt plug. 

Numerous indications of geologic disturbance are present on and about the dome. 
The most prominent of these are mineralized water-and-gas seepage in shallow water 
wells, paraffin dirt, and gas seepage on the surface. 

Prior to 1924, 120 wells were drilled, of which 26 produced oil and or were failures. 
The total production for this period is 784,520 barrels, all of which was obtained from an 
area of roo acres on the southwestern side of the dome. The average production of pro- 
ducing wells has been 30,174 barrels, and the average depth 2,251 feet. The oil has an 
asphaltic base with gravities ranging from 17° to 39°7 Baumé; the oil produced from 
cap rock averages about 20° Baumé. Production around the periphery of the dome is 
obtained from sands and limestones of the Fleming formation. 


INTRODUCTION 


Barbers Hill is a moundlike elevation in the extreme northwest- 
ern portion of Chambers County, Texas. It is 26 miles northeast of 
Houston, 11 miles north of Goose Creek, and 21 miles southeast of 
the Humble oil field. The village of Mont Belview is situated on 
top of the mound. The most convenient method of approach is by 
automobile from Houston. It is also accessible via the Dayton and 
Goose Creek Railroad, which connects with the main line of the 
Southern Pacific at Dayton. 


HISTORY OF DEVELOPMENT 


In 1889, Mr. E. W. Barber encountered inflammable gas while digging a 
65-foot water well near his home. The well is located near the top of the mound 
and produced small quantities of gas for many years. 

Following the discovery of oil at Spindletop in January, rgor, Barbers 
Hill was one of the first prospects to receive the attention of early operators. 


« Geologist, Atlantic Oil and Producing Company, Houston, Tex. 


53° 


BARBERS HILL OIL FIELD RoE 


Its prominent elevation, with inflammable gas and sulphurated water in shallow 
wells near the top, strongly suggested the presence of an underlying salt dome. 

During the month of February, 1902, Dr. George Collier recorded the first 
oil-and-gas leases taken at Barbers Hill; these leases covered the Old River, 
Lawrence, and Barber tracts. A portion of these holdings were transferred to 
Patillo Higgins under a drilling agreement, and four months later the first well 
was started on the Old River tract, well up on the northwestern slope of the hill. 
After reaching a depth of 934 feet, the well was junked in hard cap rock. A 
showing of heavy oil is reported in sand at 800 feet immediately above the cap 
rock. A total of five wells were drilled by Mr. Higgins, all of which encountered 
cap rock showing a little oil but failed to obtain sufficient quantities to make 
commercial production. In 1993, Mr. J. M. Guffey entered the field jointly with 
the Higgins Oil and Fuel Company and drilled five wells. The first two locations 
were on the Mary Ellen property (now DeWitt Barber), on the southern slope 
of the hill. A small amount of heavy, viscous oil was obtained at 805 feet from 
sands immediately above the cap rock. 

Fourteen wells were drilled during the next four years without obtaining 
production. All of these wells were shallow, the majority being located on top 
of the dome. Operators became discouraged, owing to the low price of crude oil 
from 1906 to 1916, and very little activity was manifest at Barbers Hill. How- 
ever, the success attained by deeper drilling along the periphery of other domes 
finally led Mr. Guffey to make a location on the Fitzgerald tract at the base of 
the northern slope of the hill. A depth of 2,520 feet was reached after passing 
through a series of unconsolidated sands, clays, and gravel containing no oil. 
In 1916 the Gulf Production Company, successors to the Guffey interests, 
jointly with the Humble Oil & Refining Company, drilled four wells, all of which 
are located on the Chambers County Agricultural Association’s land near the 
southern slope of the hill. The fourth well obtained the first production at 
Barbers Hill, estimated at 4o barrels per day, from a sandy formation at 1,571 
feet. The oil is reported as dark brown in color, heavy and viscous. The well 
was abandoned when salt water appeared after the production of a small 
quantity of oil. In 1918, Mr. Sam Hindman organized the United Petroleum 
Company and completed Fisher No. 1, on September 14, 1918. The initial pro- 
duction was 70 barrels per day of oil of 23° Baumé gravity, and the well 
continued to produce for a period of fifteen months. This was the first successful 
completion in sixteen years of drilling. 

The success of this well, together with an increase in the price of crude oil, 
was responsible for many new locations. Several wells were completed later in 
the year, and by January 1, 1919, production had increased to 600 barrels per 
day. The decline was very rapid, however, and by April 15 there was insufficient 
oil to supply fuel for drilling operations. However, the completion of a 650- 
barrel well by Benkenstein on the Collier tract, together with other producers 
by the Texas Company and United Petroleum Company, increased the daily 
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average production to 1,000 barrels during the months of August and Novem- 
ber, 1919. In April, 1920, the United Petroleum Company completed Rich- 
ardson No. 4 as a 7oo-barrel well at 1,960 feet. The oil had a gravity of 21° 
Baumé and was the best producer so far obtained. 

The year 1921 was a period of relative inactivity, with the exception of the 
United Petroleum Company’s No. 1 E. E. Barrow, which was completed during 
the latter part of December at a depth of 3,560 feet for 800-1,500 barrels per 
day of oil of 35° Baumé gravity. This was the first well to secure oil from edge 
sands around the dome and was by far the best producer of the field. 

An active drilling campaign followed in an effort to develop the newly dis- 
covered productive deep sands, the United Petroleum Company, Humble Oil 
and Refining Company, and Mills Bennett being particularly active in this work. 
By October, 1922, the monthly production had increased to 53,800 barrels 
This increase is largely due to the completion of Japhet No. 1 in October, 1922, 
by Mr. Bennett. It is the best well so far obtained at Barbers Hill and has re- 
mained a consistent producer to the present time. Initial production was 1,800 
barrels per day, with a temperature of 78° F. The oil is of 34°5 Baumé gravity 
and is similar to that obtained from the United Petroleum Company’s No. 1 
EK. E. Barrow. 

Tn 1923 the Texas Company drilled three wells on the northeastern portion 
of the dome without obtaining production. Sheffield No. 1 and No. 2 were 
abandoned in broken cap rock, showing a little heavy oil. No. 1 Scott was 
abandoned at 4,635 feet without obtaining a showing of importance. Outside of 
the Texas Company’s operations, very little new work was attempted, and by 
January 1, 1924, there were but 5 producing wells, having a combined daily 
average of 550 barrels. At the present time (August, 1924), there are 3 producing 
wells in the field, having a combined daily production of 150 barrels per day. 

A total of 120 wells, including 10 wells which were primarily sulphur tests, 
have been drilled at Barbers Hill. Of these 26, or 21.7 per cent, were productive, 
and 94 non-productive. A total of 784,520 barrels of oil has been produced 
throughout a period of six years. The average production per well is 30,174 
barrels, and the average depth is 2,251 feet. It is evident that the revenue from 
oil produced is little more than sufficient to pay for the drilling and operating 
costs. All of this oil has been obtained from an area of 100 acres on the south- 


western portion of the dome and amounts to an average production of 7,845 
barrels per acre. 


PHYSIOGRAPHY 


Barbers Hill lies within the Gulf Coastal plain, 33 miles inland 
from the Gulf of Mexico. It is surrounded by comparatively flat 
country, sloping gently toward the gulf at an average rate of about 1 
foot per mile. The topographic expression of the salt dome is a hill 
somewhat oval in shape and covering an area of 1,718 acres (Fig. 1). 
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TABLE I 


DEVELOPMENT AT BARBERS HILL 























Depth 
Operator Tract ae Date ae ae Remarks 
eet 
Patillo Higgins....... Old River I | 1902 | Dry 93 unked—cap rock, 800- feet 
Patillo Higgins....... Winfree, M. C. I | 1902 | Dry 266 NES in ea rock ae 
Patillo Higgins....... Barber, E. W. I | 1903 | Dry | 1,176 | Aban. in cap rock 
Patillo Higgins....... W: illiams, A. I | 1903 | Dry 465 | Aban. in salt 
Patillo Higgins....... Higgins, A. I | 1904 | Dry | 1,052 | Aban. in cap rock 
GeMeGutteyen. es cer Ellen, Mary I | 1904 | Dry 980 | Aban. in cap rock 
GoM. Guitey 2 ora. oe Ellen, Mary 2 | 1904 | Dry 805 | Cap rock, 800-805 feet 
GoMn Guiey ance os C. C. Agric. Ass’n | 1 | 1904 | Dry | 1,805 | Aban. in gumbo 
Sia Come aee-eitce cree Williams, A. I | 1904 | Dry | 1,802 | Aban. in sand and salt 
J... Me Guffey... osc. Fisher E I | r905 | Dry 074 | Aban. in cap rock 
Po IMi: Gaheg ..ccc.c loss Wilburn td I | 1905 | Dry | 1,030 | Aban. in rock 
eM (Gusieyi ot scr Smith, J. H. I} 1905 | Dry | 1,457 | Salt, 1,388-1,457 feet 
Higgins Oil & Fuel Co.| Higgins (Fee) I | t905 | Dry | 1,104 | Aban. in cap rock 
Higgins Oil & Fuel Co.| C.C. Agric. Ass’n I | 1905 | Dry | 1,490 | Aban. in salt 
JaMe Guffey i. d i210 Fisher, E. 2 | 1906 | Dry | 1,200 | Aban. in cap rock 
Vin Mi Gufleys ics... on Wilburn, BSE. I | 1907 | Dry | 1,100 | Aban. in gypsum 
Jos. Reviere & Co.... Hamilton, ye r | 1908 | Dry | 1,206 | Cap rock and gypsum, 863- 
1,206 feet 

Homie OU Con oe were C. C. Agric. Ass’n 1 | 1910 | Dry | 1,250 
Home Oil Co......... Fisher, A. M. I | 1910 | Dry | 2,100 | Tested salt water 
ee \Gubeye ees. Fitzgerald I | torr | Dry | 2,520 | Aban. in gumbo 
Community Oil Co...| Monon Trust Co. |. z | 1912 | Dry | 1,930 | Strong sulphur water 
Gulf Humble......... C. C. Agric. Ass’n It | 1916 | Dry | 2,283 | Show of oil at 2,200 feet 
Gulf Humble......... C. C. Agric. Ass’n 2 | 1916 | Dry | 3,523 | No cap rock 
Gulf Humble.........] C.C. Agric. Ass’n 3 | 1916 | Dry | 1,200 
Gulf Humble.........} C.C. Agric. Ass’n | 4 | 1916 40 | 1,571 | Small production 
PrairieiOnl Cozoe. acc Wilburn 1916 | Dry } 2,385 | Aban. in hard rock 
Anahuac Oil Co...... Hamilton, J. 1917 | Dry 410 
Hindman etal. ...... C. C. Agric. Ass’n 1917 | Dry | 1,380 | Aban. in rock and gypsum 
Benkenstein—W. P. Co.| Richardson £918 65 | 1,600 | a1 gravity oil 
United Petroleum Co..| Fisher, E. I918 7O | 2,142 | 23 gravity oil 
United Petroleum Co..| Fisher, E. 1918 300 | 1,065 | 18 gravity oil 
Re BAUtrys. oe <cns, 00% Richardson IQ1Q 200 | 1,401 | 109 gravity oil 
Benkenstein Synd....} C.C. Agric. Ass’n IQIO 270 | 1,860 | 18 gravity oil 
Benkenstein Synd....| C. C. Agric. Ass’n 1919 | Dry | 1,870 | Junked 
Benkenstein Synd....| Collier I9I9 650 | 1,847 | 18 gravity oil 
Benkenstein Synd....| Old River to1g | Dry | 1,680 | Tested salt water 
Benkenstein Synd....| Old River to1g | Dry | 2,100 | Tested salt water 


Kavanaugh Pet. Co...} C. C. Agric. Ass’n 
Kavanaugh Pet. Co...| Fisher, E. 
Kavanaugh Pet. Co...] Fisher, E. 


ro19 | Dry | 2,165 | No cap rock 
to1g | Dry | 1,340 | Aban. in gypsum 
1919 | Dry | 1,960 | Tested salt water 
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Hugh McCollum.....| Wilburn, B. F. to19 | Dry | 1,300 | Aban. in gypsum 
WexasiCorasat «a te Fisher, Ben to19g | Dry | 1,908 | Tested salt water 
TEXAS iGO ne scie ore tsais ole Fisher, Ben I- 1919 | Dry | 1,385 | Aban. in gypsum 
Mexas:@ Ona rapier Fisher, Ben 1919 200 | 1,918 | 21 gravity oil 
(RexaniCOter\ ae gulsaciete Fisher, Ben t919 | Dry | 1,905 | Tested salt water 
United Pet. Co.......] Fisher, E. 1919 | Dry | 1,910 | Aban. in salt 
Wnited Pet. Co..4-... Richardson TQIQ 50 | 1,980 | a1 gravity oil 
United Pet. Co....... Richardson 1919 | Dry | 2,385 | Aban. in gypsum 
DeWitt Barber....... Ellen, M. (Gulf) 1920 | Dry | 1,032 | Aban. in cap rock 
DeWitt Barber....... Ellen, M. (Gulf) 1920 50 820 | 17 gravity oil 
DeWitt Barber....... Ellen, M. (Gulf) 1920 20 810 | 17 gravity oil 
DeWitt Barber....... Ellen, M. (Gulf) 1920 25 845 | Flooded by salt water 
DeWitt Barber....... Ellen, M. (Gulf) 1920 15 815 | 17 gravity oil 
Gambler Oil Co...... Barber, O. 1920 | Dry | 1,200 : 

Gulf Coast-Crown...-.| Barber, E. W. 1920 | Dry | 3,721 | Aban. in gumbo 
Keeble (Trustee).....| Fisher, Ben 1920 | Dry 350 | Aban. in cap rock 
Hugh McCollum.....| Wilburn 1920 | Dry | 1,600 | No data 

Old River Oil Co..... Richardson 1920 | Dry | 1,800 | Little heavy oil 
Old River Oil Co..... Richardson 1920 400 | 2,230 | 27 gravity oil 
Spurrier Dev. Co..... Barber, O. 1920 | Dry | 1,231 | Aban. in rock 
Spurrier Dev. Co..... Wilburn, B. F. t | 1920 | Dry 883 | Aban. in gypsum 
Spurrier Dev. Co..... Wilburn, B. F. 2 | 1920 | Dry 

PER AS (oa teraretemmic an Barrow E. E. 1 | 1920 | Dry | 3,324 | Junked—blowout at 3,200 feet 
ERAS CO neretacisieraieterate Barrow, E. E. 1-A}| 1920 | Dry | 3,460 

Dexas Coynimaces sess Barrow, F. I | 1920 | Dry | 2,782 | Junked 

MRExas i COnmai ais cere Barrow, F. 2 | 1920 | Dry 678 | Junked 

Hexasi Covnsisenlisreia acs Fisher,. Ben 3-A| 1920 | Dry | 1,332 
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TABLE I—Continued 
Depth 
Operator Tract Well Date ae in Remarks 
2 sa |eteet 
Tex Comcast Old River xt | 1920 | Dry | 3,942 | Aban. in gumbo 
United Pet. Co Fisher (10 acres) 1 | 1920 | Dry | 2,653 | Tested salt water 
United Pet. Co Richardson 4 | I920 700 | 1,960 | 21 gravity oil 
United Pet. Co Richardson 5 | 1920 | Dry | 1,750 | Aban. in salt 
Gulf Coast—crown...| Fisher, E. z | 1921 | Dry | 2,500 | Salt, 1813-2,500 feet 
Gulf Coast—crown...| Fisher, E. 2 | 1921 | Dry | 2,265 | Junked in hard rock 
United Pet. Co. ... 2... Barrow, E. E. x || Lo2T 800 | 3,560 | 34 gravity oil 
United Pet. Co....... Richardson 6 | t92t | Dry | 2,070 | Aban. in cap rock 
Mills Bennett........ C. C. Agric. Ass’n 1 | 1922 | Dry | 4,147 | Tested salt water 
Mills Bennett........ C. C. Agric. Ass’n 2 | 1922 | Dry | 2,800 | Aban. in salt 
Mills Bennett........ Japet xr | 1922 |1,800 | 3,236 | 34 gravity oil; tem., 78° F. 
Mills Bennett........ Japet 2 | 1922 |1,700 | 3,760 ; : 
Mills Bennett........ Japet 3 | 1922 800 | 3,503 | 27 gravity oil; tem., 80° F. 
Dunnman Oil Co..... Fisher, Z. xr | 1922 | Dry | 2,625 | Aban. in salt 
Hindman ¢fal)....... Japet xr | 1922 | Dry | 2,858 | Junked 
Kirby Petroleum Co. .|’ Richardson 1-A| 1922 | Dry | 2,405 
Kirby Petroleum Co..} Richardson 1-B| 1922 | Dry | 2,645 | Junked 
Kirby Petroleum Co..} Winfree xr | 1922 | Dry | 4,074 | Aban. in sandy shale 
Texas Co.-W. P. Co..| Barrow, F. rt | 1922 | Dry | 4,000 | Tested salt water 
United Pet. Co...*....| Richardson 7 | 1922 | Dry | 3,030 } Aban. in cap rock 
United Pet. Co.......] Richardson 8 | 1922 400 | 2,238 
Mills Bennett........ Barrow, E. E. r | 1923 | Dry | 3,488 | Tested salt water 
Mills Bennett........ Barrow, E. E. 2 | 1923 |1,000 | 3,817 | 30.7 gravity oil 
Mills Bennett........ Barrow, E. E. 3 | 1923 | Dry | 3,460 | Tested salt water 
Mills Bennett........ Japet 4 | 1923 | Dry | 2,088 | Tested salt water 
Mills Bennett........ Japet 5 | 1923 |2,000 | 2,695 | 31 gravity oil 
Coastal Oil Fields, Inc.} Barrow, F. r | 1923 | Dry 60 
Coastal Oil Fields, Inc.} C. C. Agric. Ass’n xr | 1923 | Dry | 1,700 
Coastal Oil Fields, Inc.| Fisher (fee) Tn LOLS NMOL Vane 220 
Coastal Oil Fields, Inc.| Fisher, E. Xt | 5023 | Dry) |\o,715 
Coastal Oil Fields, Inc.| Richardson I | 1923 300 | 2,225 | 20 gravity oil 
Coastal Oil Fields, Inc.| Richardson 2 | 1923 | Dry | 2,385 | Tested salt water 
Hindman ¢¢ al........ Collier I | 1923 | Dry | 1,398 | Aban. in anhydrite 
Hindman ef al. ...| Collier 2 | 1923 | Dry 951 | Aban. in cap rock 
Hindman efal........ Fisher, E. H. r | 1923 | Dry | 1,302 | Aban. in cap rock 
Hindman efal........ Shearer x | 1923 | Dry 907 e. rock and gypsum, 728-907 
eet 
Hindman efal........ Smith I | 1923 | Dry 889 ee rock and gypsum, 451-889 
eet 
Hindman e¢al,.......| Wilburn I | 1923 | Dry | 1,130 | Aban. in cap rock 
Hindman e¢al........| Wilburn 2 | 1923 | Dry | 1,280 | Aban. in cap rock 
Humble Oil & Ref. Co.} Blaffer I | 1023 850 | 3,115 | 33.6 gravity oil 
Humble Oil & Ref. Co. Blaffer 2 1923 |1,000 Sip Ole 
Humble Oil & Ref. Co.| Blaffer 3 | 1923 | Dry | 2,914 | Tested salt water 
Humble Oil & Ref. Co.| Meyers I | 1923 85 | 3,606 | 33 gravity oil; tem., 70° F. 
Republic Prod. Co....| Fisher, E xr | 1923 | Dry | 3,095 | Tested salt water 
Mexas: Co syncnectan tra Scott t | 1923 | Dry | 4,635 | Aban. in hard shale 
Dexas (Comyn ccce Sheffield zr | 1923 | Dry | 1,128 | Aban. in cap rock 
MlexasiCO meet rianisee Sheffield 1 | 1923 | Dry | 2,237 | Aban. in hard sand 
Union Sulphur Co..../ DeWitt Barber Ir | 1923 | Dry | 1,400 | Top of cap 930 feet; aban. in salt 
Union Sulphur Co....| Winfree, E. xr | 1923 | Dry | 1,410 Tap os cap 1,275 feet; aban. in 
q = salt 
Union Sulphur Co....| Winfree, M. C. I | 1923 | Dry 682 | Top of cap 495 feet; aban. in salt 
Union Sulphur Co....} Winfree, O. K. I | 1923 | Dry | 1,192 | Top of cap 950 feet 
Union Sulphur Co....] Winfree, O. K. 2 | 1923 | Dry 552 | Aban. in cap rock 





It rises to a maximum height of 83 feet and extends 45 feet above 
the surrounding prairie. The major axis is 12,000 feet long, extend- 
ing N. 43° W., and the minor axis is 9,250 feet long. Erosion has 
been active, and the effect of surface drainage is clearly demon- 
strated in a number of gullies which extend in all directions away 
from the higher portions of the dome. Several erosional undulations 
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have been formed which are entirely separate and distinct from, 
and have no bearing upon, the position of subsurface structure. 
There is, however, a general relationship between the shape and 
position of the mound as compared with that of the underlying 


















hk \ Riese < \ 
f \ we" 210006000” AUSMENT. X 
a | “i XY 
= “<= TOPOGRAPHY oF BARBERS HILL 


Fic. 1.—Topographic map of Barbers Hill 











dome. The highest portion of the hill lies only 1,250 feet northwest 
of the center of the dome and from the highest known structural 
displacement. The 3,500-foot contour on the cap rock corresponds 
closely with the outline of the base of the hill. 


GEOLOGY 


General descriplion—The surface at Barbers Hill presents very 
few exposures, and our knowledge of structural conditions must be 
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gained essentially from a study of well logs, core samples, and drill 
cuttings. Cuts along the side of roadways near the top of the hill 
show 3 or 4 feet of mottled yellow clay, containing irregular patches 
and lenses of sandy clay, sand, and small calcareous concretions. 
The material apparently lies in a horizontal position but does not 
display bedding plains which can be used to define the attitude of 
the bed. Its texture and other physical characteristics are typical 
of the Beaumont clay. 

A study of subsurface conditions shows the presence of an in- 
trusive salt core capped by deposits of gypsum, anhydrite, and 
limestone. In the course of its development and growth, adjacent 
formations have been tilted or inclined at high angles, sloping in all 
directions away from the dome. 

The upper extremity of the salt core is oval in outline, the top 
being essentially flat with slightly rounded edges sloping off at an 
angle of about 73° to an unknown depth. The southwestern edge, 
in the vicinity of the productive area, is faulted and irregular, 
showing an average dip of 59°. Core samples indicate that the salt 
plug is composed of almost pure rock salt, containing waves and 
bands of darker material, indicating flowage. Salt has been en- 
countered in to wells; the Gulf Coast-Crown ‘No. 1 Fisher entered 
rock salt at 1,813 feet and was abandoned at 2,500 feet still in salt. 
This is the greatest thickness of salt penetrated at Barbers Hill. 

Cap rock.—‘‘Cap rock” is a term generally applied to mineralized 
deposits adjacent to and above the salt plug. At Barbers Hill these 
deposits are largely composed of anhydrite, gypsum, and limestone, 
varying in thickness from 850 feet in the central portion to a few 
feet at the outer edges of the dome. They are extremely irregular 
and occur rather as lenses, pockets, and concretions, no two sections 
being alike. There is, however, a general arrangement of anhydrite 
below, limestone at the top, with gypsum between the two. The 
cap rock is generally porous and cavernous, containing variable 
amounts of sulphur, pyrite, and calcite deposited in crystal form 
throughout the porous spaces. Some of the crystals have rounded 
edges, indicating solution by circulating underground waters. 

The upper portion of the cap rock is composed of very hard 
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limestone. Inclusions of gypsum and anhydrite have been noted to- 
gether with an occasional thin parting of gumbo. 

The cap rock rises to within 350 feet of the surface, as shown by 
the well known as Keeble Trustee, Ben Fisher No. 1. This well is 
2,250 feet south of the highest portion of the dome. 

Structure of surrounding sediments.—Contour lines as shown on 
Figure 2 indicate the top of the cap rock below the surface. These 
lines express the shape of the dome rather than the amount of struc- 
tural displacement. 

The surrounding sediments are inclined at steep angles, sloping 
in all directions away from the salt plug. Dips of 45°-50° are com- 
mon within the producing area on the southwestern portion of the 
dome, and core samples locally indicate dips of 80° or more from 
points adjacent to or near the top of the cap rock. Other points to 
the north, northeast, and southeast of the dome show dips of 65°—70°. 
The field is characterized by steep dips, and the surrounding forma- 
tions have been sharply upturned or broken at the point of contact 
with the salt plug, although they are not elevated to much above 
their normal position around the periphery of the dome. 

Faulting.—Circumferential step faults, the downthrow side being 
directionally away from the dome, are proved, and radial faulting 
has been noted on the southwestern side between the United Pe- 
troleum Company’s No. 4 Richardson and the Gulf Coast-Crown 
No. 1 Fisher. The presence of faulting can be established at Barbers 
Hill, but, owing to the extremely complicated structural conditions 
in which decided changes occur within narrow limits, it is difficult to 
define a particular fault or zone of faulting with accuracy. Crushed 
and shattered zones are present usually at the point of contact be- 
tween the salt plug and surrounding sediments, indicating that con- 
siderable movement has taken place under heavy pressure. Faulting 
at Barbers Hill is the result of displacement, induced by an upthrust 
from below. 

Stratigraphy.—The lateral beds surrounding the dome are di- 
vided for convenience of description into the Oligocene, Fleming, 
and overlying sediments. 

Oligocene fossils are reported to have been found in the Humble 
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Fic. 2.—Map of subsurface structure of Barbers Hill with cross-section 
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Oil and Refining Company’s No. 1 Meyers at 3,559 feet, indicating 
the top of the formation at this depth. This, to the writer’s knowl- 
edge, is the only record of Oligocene formation at Barbers Hill. 

The Fleming embraces the Miocene and a portion of the Plio- 
cene formations. It is largely composed of calcareous clays with 
concretions, sands, and shales and is approximately 2,000 feet thick. 
These deposits are lenticular, extremely variable as to character, 
and change within narrow limits. The sandy members produce oil 
on the southwestern side of the dome. 

Sediments overlying the Fleming and extending to the surface are 
of Pleistocene and Pliocene age. They consist, in part, of fluviatile 
and shallow-water deposits comprising a series of sands, gravels, and 
clays. These deposits are lenticular and extremely variable as to 
character. The thickness within the producing area averages about 
1,400 feet, and the base of the formation dips at an angle of about 12°. 

Geologic history —The maximum structural displacement oc- 
curred at or about the transitional period between the Pliocene- 
Miocene deposition and continued with decreasing intensity to the 
time of Beaumont clay deposition. No observations have been made 
to establish the possibility of present-day growth. 

Origin of the dome.—Barbers Hill is a typical salt dome. It was 
formed at about the same time and displays many of the character- 
istics common to other salt domes of the Gulf Coast district. Its 
origin is a subject upon which the writer has not observed any con- 
clusive evidence to add to our present knowledge of salt-dome origin. 

Origin of the cap rock.—The salt core of the Barbers Hill dome is 
intrusive, penetrating the surrounding formations. These formations 
have been cut or broken, permitting an intimate association of in- 
cluded waters with the salt plug. The water is under a static head, 
subject to minor movements of the dome, and has no doubt dis- 
solved and redistributed a portion of the soluble material according 
to locally varying conditions and the laws of solubility. In view of 
this, it is believed that the mineralized materia] such as gypsum, 
anhydrite, cap rock, sulphur, etc., above the salt is derived from solu- 
tions as a precipitate or replacement, and that the character and 
extent of this material is governed by local conditions and subse- 
quent movements of the dome. The presence of faulting within the 
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cap rock indicates that movement must have taken place after the 
cap rock was formed. 
OIL DEPOSITS 
Production is confined to an area of about 100 acres, located as 
shown on Figure 3, and represents about 5.8 per cent of the total 
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Fic. 3.—Property and well map of Barbers Hill 
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area of the mound. The oil is believed to originate within bitumi- 
nous shales of the Oligocene and Miocene formations and to have 
later migrated into adjacent porous cap rock or sandy horizons. The 
majority of the so-called oil sands are really admixtures of sand, 
shale, and clay. They are lenticular, extremely variable as to char- 
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acter, and frequently change within narrow limits. Faulting is 
believed to play an important réle in the accumulation of oil de- 
posits and probably serves as an effectual barrier, retaining the oil 
on the downthrow side. 

The character of oil varies considerably. Heavy oil of asphaltic 
base and thick consistency occurs in the upper portions of the cap 
rock and in sands adjacent to the cap rock. Oil of 17°-28° Baumé 
was produced from porous cap rock at depths of 1,065~-2,230 feet 
within the older producing area. The gravity of this oil usually 
becomes lighter with depth, although exceptions to this rule have 
been. noted. Oil produced from the edge sands around the dome 
range in gravity from 27° Baumé at depth of 2,730 feet to 39°.7 
Baumé at 3,817 feet. 

Analyses of oil.—The following analyses are characteristic of the 
oil produced at Barbers Hill: 


TABLE II 

Test ON Two 5-GALLON Cans OF MIXED CRUDE OIL 
(GRAAL UVso ie Peas Ort Neneh oer eather ee 34.0 
Seis eer naey ectieren gesviseysseope enact pete aaa, ce Room temperature 
1 See eed cay Oe eee ee ee ee Room temperature 
WilS See OO rot Restcerns tren cies Tepe eras aeier sy 43 
(Sillerds ened e Poe Ser oe Deke hee nos Dark green 
OUI ares CRO A eac caaks one MRC OIC EINE OAS etE Below o 
Sula itinemem we kee erie eters aibe cretarevciarcin osha 0.33 per cent 
WiAitelierr ira eter ce aerate siecle None 
MOL eRe eee rac? erick came ieee eee Naphtha 
EO eae ie U a Len ey levers reste ios Gaining seh 0.1 per cent 


Star teers ae iccners niet ure mudioverdc ravenna: 180 

AiO MEO Bits o Ar oom OUT tcl Ie Oe BOpOaue 424 
Overleadhenavatiysewcinretereei eyes octet) econ B5ae 

COLO i Pte EN eee aan orien usec Pure white 
DO CLOT RCE eerE Teme my ceri Aerie Patten. N.G. 
TBYORWOVOITHY 5 Weebl we fio cemereren Dementor tone Oacrs 65 per cent 
Gia ty Amen terae hate ater he Skea te Sous a6 25.4 

(GP) OR aia coedic etic Anke Cae eeie Sica are Dr. gr. 
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Production curves.—A production curve has been prepared show- 
ing total monthly production from October, 1918, to December, 
1923 (Fig. 4). Superimposed upon this curve is a second curve in 




















TABLE Il 
Cuts Percent- | Temper- Gravity | Flash Fire Viscosity Color Pour 
age ature Test 
Tek 5 268 Greystone | acean Cae | PUSSE Bien Nee whe weer S.G Below o 
Br 10 315 6255955 meee a |e Reels a oes era eee 5.G Below o 
Bove 15 343 Sale Reoloam |e Re-eicun |i aiees ease W.W. Below o 
Ans 20 360 BW Oulia eva |) oR ase | Opersep ro W.W. Below o 
hi 25 360 2 ROn |e lan [Eadie || earner ae W.W. Below o 
Ox: 30 368 JO yKoy || IAL Risa, eae an W.W. Below o 
Wee 35 370 44.1 90 95 20 W.W. Below o 
Bee 40 378 40.6 | 105 130 30 W.W. Below o 
Onn 45 390 BD 140 165 31 Lt. straw | Below o 
Oe 50 410 33.6 190 205 33 Lt. straw | Below o 
TE sc 55 430 Bit D 220 260 36 Lt. straw | Below o 
TQ 60 459 20.4 260 280 41 Straw Below o 
Higa 65 485 28.0 | 290 310 5) Yellow Below o 
LA 70 Si) ZONSa EGLO 345 69 Yellow Below o 
Tisha. 75 545 BAC | 355 400 135 Brown Below o 
TOME Ae 80 515 232 305 A415 262 Dk. br. Below o 
Btms.. 20.255 teeenae Tosa SLO 575 238/212 | Black Plus 20 








Estimated finished products: gasoline, 30 per cent; naphtha, none; kerosene, 15 per 
cent; solar oil, 35 per cent; bottoms, 15 per cent; fuel loss, 5 per cent. 


TABLE IV 
Mrixep Cap-Rocx O11; GRAviITy, 19°—20° 














Gravity Flash Viscosity at 100 | Cold Test 
isthe. nee I0°—-29°7 155 T Ol aeon| Saree nee 
OLA e tts Bs cseo ro. ore TOL LOS tome plfsnse deena hence Reem Rees |e eee ee 
ta lamas ee | TOL-2280 240 163-100 ° 
PNA CWA enone: IO -19.5 290 153-100 ° 
(dale Wea ain s Loja 360 712-100 ae) 
Othete eee TOON? 405 657-100 25 
id tba eee ees Io -16.0 360 T25—270 35 
Sthierecscne ce HOS W5A5K6) 245 126-210 30 





Bottoms, 20 per cent. 


broken lines, which indicates the fluctuations in price of crude oil. 

A total of seven distinct peaks tell diagrammatically the story 
of the Barbers Hill production. The first three occurred in 1918, 
1919, and 1920 and represent activities in the cap-rock field. The 
last four are records of edge-sand production during the years 1921, 
1922, and 1923. 
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Maximum production for the field was reached in October, 1922. 
During this month a total of 53,800 barrels was produced largely 
from two wells: Mills Bennett, Japhet No. 1, and Japhet No. 2. 
The decline was very rapid, and within four months production had 
decreased 78 per cent. 

The performance of individual wells is generally governed by the 
character of producing horizon, mechanical condition of the well, 
and method of operation. Cap-rock production is usually lower 
initially and less rapid in decline than production from edge sands. 
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Frc. 4.—Curve showing Barbers Hill Field production 


Figure 5 shows production by months of Mills Bennett, E. 
Barrow No. 1, and Mills Bennett, Japhet No. 1. 

Drilling and production methods.—All wells are drilled by the 
rotary method, using a fish-tail or roller bit as the occasion demands. 
Casing is usuallv set in gumbo or rock immediately above the pro- 
ducing horizon with from one to four joints of 80-mesh screen in the 
producing sand. The initial production of flowing wells is usually 
free from water or emulsion, but the oil from most of the wells 
eventually requires dehydration. The cost of drilling and com- 
pleting a 3,000-foot well, including all items of expense, approxi- 
mates $27,000. 
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SULPHUR 


Showings of pure crystallized sulphur were found in a few wells 
along the southern slope of the hill. Jos. Reviere and Company 
drilled through sulphur and gypsum at a depth of 1,200 feet in their 
Reviere No. r. Hindman ef al., Chambers County Agricultural As- 
sociation No. r, records sulphur, gypsum, and oil in hard rock at a 
depth of 1,380 feet. Community Oil Company’s Monongahela Trust 
No. 1 obtained a little sulphur at 1,g0o feet. Other wells of the 
vicinity are said to have shown sulphur while drilling through the 
cap rock. 
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Fic. 5.—Curve of production decline, Barbers Hill Wells 








L Barrow Nol 


Barrels 






70.000 





LCI A SAO FD OUI 


UVEE 


All drilling prior to 1922 was primarily for the purpose of ob- 
taining oil, and as a result very little was learned about the actual 
sulphur content of the formations penetrated. In 1922 the Union 
Sulphur Company and Sam Hindman eé ai. drilled ten wells on the 
dome in search of sulphur. These wells penetrated the cap rock for 
a considerable distance. 

The sulphur occurs near the top of the cap rock and extends 
downward for several hundred feet. It is usually in the form of dis- 
seminated crystals deposited within porous limestone. The total 
sulphur content as indicated by core samples is not sufficient to 
warrant commercial exploitation. 
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CONCLUSION 


It is apparent that the oil recovered at Barbers Hill has not been 
sufficient to satisfy the expenditure. Wells within an area outlined 
by the 1,o00-foot contour, as shown in Figure 3, usually obtain 
shows of heavy, viscous oil from the top of the cap rock and in 
sands above the cap rock. The sands are thin, lenticular, and appar- 
ently broken. These horizons generally carry salt water containing 
relatively high percentages of hydrogen sulphide and very little oil. 

Conditions favorable for the retention of oil occur within a 
small area on the southwestern portion of the dome. All attempts 
to extend this area or to locate a similar pool on other flanks of the 
dome have been unsuccessful. The steep dips encountered by these 
tests indicate that if additional production is found the oil will 
occur within a narrow strip surrounding the edge of the salt plug. 
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GOOSE CREEK OIL FIELD, HARRIS COUNTY, TEXAS 


H. E. MINOR 
Houston, Texas 


ABSTRACT 


The Goose Creek oil field in Harris County, Texas, first received attention in 1906, 
when its possibilities as an oil field were recognized by Mr. L. P. Garrett and Mr. Lee 
Hager, independently of each other. To these gentlemen credit is due for the discovery, 
although commercial production was not obtained until after much drilling by numerous 
enterprises. The stratigraphy is characterized by the unconsolidated nature of the sand, 
gumbos, and shales, which are penetrated in drilling to a depth of 5,000 feet. The struc- 
ture at Goose Creek is a low dome, with no evidence of any salt core or salt plug such as 
distinguish most Gulf Coast fields. The field has produced about 50,000,000 barrels of 
oil from about 1,000 acres, production coming from sands at depths of from 1,000 feet 
to 4,200 feet. Recent subsidence of the surface over the producing area is explained by 
the removal of oil, gas, water, and sand, which permits a closer orientation of the sand 
grains in the producing horizons. 


LOCATION 


The Goose Creek field is located in the southeast corner of Harris 
County, Texas, approximately 25 miles southeast of Houston, on 
San Jacinto Bay. The field was accessible only by water or dirt 
road until 1917, when a spur, known as the Goose Creek & Dayton 
Railroad, was built from the main line of the Southern Pacific at 
Dayton, Texas, to the town of Goose Creek. 


HISTORY 


In 1906, a fishing party, composed of Messrs. L. P. Garrett, R. A. 
Welsh, and R. T. Rue, noticed the occurrence of gas seeps in the 
vicinity of Goose Creek. The men composing this party understood 
fully the significance of these indications, and a careful investigation 
resulted in the location of numerous gas seeps and paraffin beds over 
the area which is now the Goose Creek oil field. 

Satisfied that the indications warranted exploitation, Messrs. 
Welsh and Rue formed the Goose Creek Production Company and 
proceeded to procure leases upon the land surrounding Goose Creek. 
Upon examining the records, it was found that Mr. Lee Hager had 
already secured leases upon the Sweet and Briggs properties. Evi- 
dently, he too had observed the indications and satisfied himself 
with the possibilities of the prospect, as he has consistently done at 
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nearly every coastal dome. The remaining lands were blocked up 
in the name of the Goose Creek Production Company. 
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At this time, 1907, Mr. L. P. Garrett, employed by the Rio Bravo 
Oil Company, made the first favorable report to his company upon 
the possibilities of Goose Creek becoming an oil field. Accompanying 
this report was the first map of this area (Fig. 1), which shows the 


Fic. 1.—A map of Goose Creek field made by Mr. L. P. Garrett prior to discovery 
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location of gas seeps and paraffin beds, together with the outline of 
the probable area of production. The productive area delineated 
by Mr. Garrett on this map coincides very closely with the field 
as it exists today, and certainly he is to be commended upon the 
accurate interpretation of the meager indications found in 1907, 
which has led to the development of one of the Gulf Coast’s greatest 
producing oil fields. 

It has been learned from reliable sources that at about this time 
Mr. Patillo Higgins had observed the presence of gas emanations in 
this territory. It is thought, however, that he had seen the gas seeps 
in the vicinity of Hog Island. What significance he attached to it, 
the writer has been unable to learn. 


DEVELOPMENT 


The Goose Creek Development Company commenced drilling 
the first well in December, 1907. This well was located on the J. 
Gaillard tract, only a short distance north of the old John Gaillard 
home, midway between the farthest north-and-south and east-and- 
west gas seeps. At a depth of 700 feet a showing of. oil was encoun- 
tered, but drilling was continued. At the end of two years, the drill 
had reached the depth of 1,700 feet and the well was abandoned. In 
June, 1908, the Goose Creek Production Company started their 
second well. It was also located on the Gaillard land, and very near 
what was known as the Rucker 4-acre tract. This well was com- 
pleted as an 800-barrel well at a depth of 1,600 feet, the first to pro- 
duce oil in the Goose Creek field. 

In 1909, the Goose Creek Production Company sold their entire 
holdings to the Producers Oil Company, the consideration being 
$50,000 in cash and a one-fourth overriding royalty. During the 
next few years the Producers Oil Company drilled ten or fifteen 
wells. 

The results of these tests were very discouraging, and the Pro- 
ducers Oil Company surrendered the leases to the original holders. 
In a short time thereafter, the leases found their way into the hands 
of various oil companies, wildcatters, and speculators. The area, 
drilled full of dry holes, with an occasional small pumper, struggled 
along under the shadow of its past disappointments for six years. 
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On August 22, 1916, the American Production Company, drilling 
on the Gaillard tract, 600 feet north of the shallow production, and 
financially “on their last legs,” encountered a sand at 2,030 feet. The 
bit had hardly penetrated the sand when the well came in flowing 
wild, at a rate estimated to be 10,000 barrels per day. This spectac- 
ular discovery inaugurated a period of active development, which has 
continued up to the present time. Prior to the discovery of the 
2,000-foot sand, practically all of the production was obtained from 
sands lying at shallower depths. Several wells had been drilled to 
greater depths than 2,000 feet before the American Production 
Company’s discovery, but practically all of these were located 
beyond the productive limits of this sand. 

During this period of development at Goose Creek, several . 
exceptional wells were completed. The Simms Oil Company brought 
in their Sweet No. rr ia August, 1917, from a depth of 3,027 feet 
the well flowing wild for several days, at the rate of 35,000 barrels of 
oil per day, with a great amount of sand. Finally it sanded up, leav- 
ing the surrounding area covered with a blanket of oil-saturated 
sand and mud 1 to 3 feet in thickness. The Humble Stateland No. 10 
was completed November 10, 1922, at 4,292 feet, with an initial 
production of 3,200 barrels, and has produced approximately 1,000,- 
ooo barrels of oil to date and is still flowing at the rate of 1,200 bar- 
rels per day. The Gulf Production Company’s Chapman-Bryan 
No. 1, still flowing at the rate of goo barrels per day, was completed 
March 30, 1922, at a depth of 4,200 feet. This well has produced 
1,237,000 barrels of oil to date. 

It will be seen from the production curve (Fig. 2), that the pro- 
duction of the field gradually climbed from 42,000 barrels in 1916 to 
Over 9,000,000 barrels in 1918, where the peak of production was 
reached. The decline in production has been very irregular, rising as 
the deeper sands were developed, and falling as the flush production 
was given up. At the present time, the production is on the decline 
slope, and has nearly reached the point where the curve tends to 
approach the horizontal. Its projection into the future is conjectural, 
but undoubtedly the beams will be running at Goose Creek for a good 
many years to come, as evidenced by Spindletop, with its single 
horizon still producing 1,000 barrels daily after twenty-three years. 
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TOPOGRAPHY 


At Goose Creek there is no topographical elevation or depression 
to indicate the presence of a dome, and only the closest observation 
and the greatest perseverance led to the discovery of its treasures. 


STRATIGRAPHY 


A well, drilled in the center of the field, encounters the following 
strata: The first 50 to 100 feet is composed of soft surface sands and 
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Fic. 2.—Curve of annual production, Goose Creek oil field 


clays of recent deposition. The bit then enters red, gray, blue, and 
brown shales, and clays intermittently separated by strata of water 
sands, belonging to the Pliocene. At a depth of approximately 1,000 
feet the first oil sand is encountered. Below this, the predominating 
color of the shales and clays is still red and pink, but the sands are 
harder and carry an abundance of brackish water. From 2,300 to 
2,600 feet a horizon made up of alternating sandstones, sands, 
gumbos, and shales is encountered. The majority of the sands carry 
oil, but occasionally a stray water sand occurs, causing the usual 


GOOSE CREEK OIL FIELD, TEXAS 551 


trouble in the completion of an oil well. Below this producing hori- 
zon, numerous water sands, approximately as salty as sea water and 
separated by red and blue gumbo, are passed through. The next 
producing zone extends from 2,800 to 3,100 feet. In this zone, the 
sands are probably thicker than in any other producing horizon, at 
places attaining a thickness of 80 to 100 feet, and they are of greater 
areal extent than any other producing sands in the field. 

At 3,300 feet and again at 3,600 feet, sands are passed through 
which have furnished exceedingly good wells. Below this depth, the 
formations take on a darker hue, the shales and gumbos having 
changed from blue, pink, and red to dark blue and dark gray. At 
just what depth one passes from Miocene to Oligocene is not definite- 
ly known, but it is evident from fossils obtained that the production 
above 3,900 feet is not older than Miocene. 

For the next few hundred feet, an almost unbroken series of dark 
shales is found, and at 4,200 feet the deepest producing sand is 
reached. This producing horizon is really a sandy phase of the 
shales, rather than a true sand stratum. At this depth, paleontolo- 
gists report Oligocene fossils. The oil is lighter in gravity, the 
waters are more than twice as salty as sea water, and the sand is 
very irregular in its areal extent. There appear to be a series of sand 
lenses, which lie promiscuously here and there under the field, failing 
entirely in certain localities and thickening to 30 or 4o feet in others. 

What Goose Creek holds in store below this depth, can be re- 
vealed only by the drill. However, if this field is a true salt dome, and 
so far there is nothing to indicate that it is not, the possibilities for 
deeper production should be exhausted only when the salt core itself 
is encountered. The following deep wells have already been drilled 
without success: 

Gulf Production Company, John Gaillard Fee No. 15, to 5,002 feet 
Gulf Production Company, Beaumont Petroleum Company No. 23, to 5,000 feet 
Gulf Production Company, Isenhour No 6, to 4,833 feet 


Gulf Coast Oil Corporation, Gaillard No. 35, to 4,781 feet 
Humble Oil and Refining Company, Gaillard No. 48, to 4,708 feet 


Experience in the salt-dome territory has taught that in many cases 
a dry hole in a proven field condemns only a very small area surround- 
ing the well itself. © 
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STRUCTURE 
We have not sufficient data to determine when the subterranean 
agencies began their movement in this locality, but it is evident that 
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the movement was still in effect as late as Pliocene time. Whatever 
this force may have been, the upward intrusion of the salt core, or 
the crystallization and deposition of salt by ascending waters, the 
resultant force must have been upward, elevating the beds and form- 





Fic. 3.— Map showing location of wells, Goose Creek oil field 
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Fic. 4.—Map showing northeast-southwest section across Goose Creek oil field 
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ing a circular reservoir, which has proved very efficient for the ac- 
cumulation of petroleum. This force was of such magnitude that it 
has evidently destroyed, to a great extent, the continuity of the soft 
unconsolidated beds, leaving the sands and clays in irregular masses 
and lenses, and accounting in a way for the difference in thickness 
and character of the formations, and also in the variation in produc- 
tion of adjacent wells. The cross-section of the field (Fig. 4) gives 
an idea of the various producing horizons, and also shows the lentic- 
ular nature of the sands. 

Detailed correlation in this field is very difficult on account of the 
lack of continuity of the beds, and can be arrived at only in a general 
way. There is, however, a marked dip to the east from the Wright 
“A” lease, extending eastward through the Houston-Smith lease. 
A pronounced north dip becomes evident a few hundred feet south 
of the south line of the Jones tract, forming the northern flank of a 
gentle arch, which extends to the south through the field and termi- 
nates in a very gentle dip to the south, in the vicinity of Hog Island. 

The thought is ever present that Goose Creek, Edgerly, Orange, 
and Welsh, having no known salt cores, might be classed as true 
domes independent of salt-dome movement. This is a subject too 
broad to be discussed in this paper, but it may be said that in every 
case these fields have taken on the typical circular form of the salt 
dome. The position of the basal Oligocene at both Goose Creek and 
Orange indicates a vertical uplift of several hundred feet at these 
localities, a much greater displacement than revealed in the structure 
of the overlying strata. 

The salt waters in these fields increase uniformly with depth. 
This might also be true in any area, but in no area outside the salt- 
dome fields does the salt content equal 12 per cent, which is attained 
at both Goose Greek and Orange. In fields of the Goose Creek, or 
deep-seated, type, it has been observed that below 1,000 feet the 
waters increase in salinity at the rate of 1 per cent salt for every 180 
feet of depth. 

CHARACTER OF OIL 

The oil produced at Goose Creek is of a dark green color, ranging 
in gravity from 22° to 27° Baumé, and possessing the odor of cedar 
rather than the hydrogen-sulphide odor so characteristic of the cap- 


GOOSE CREEK OIL FIELD, TEXAS eee 


rock fields. Practically all of the producing sands above 3,600 feet 
produce an oil varying in gravity from 22° to 24° Baumé, while the 
sands below this depth produce a lighter, or 26° to 27° Baumé oil. 
A refining test of a typical Goose Creek oil is given in Table I. 














TABLE I 
ANALYSIS OF GoOSE CREEK CRUDE OIL 
Gravity: 23.2 Color: Dark green 
Sulphur: 0.117 Boiling-point: 420 
, D Gravit 
Per Cent Fahrenheit | Baume 
LUO), Re dibie etcenic a OO Oe me eS ore 464. Bans 
Plotkin A a omitac Avesta teS 510 30.2 
AC a a taus recht mil petes ise 548 28.5 
UNOS 4 Sania a RNG OER EN aa 586 20.9 
(SO sea eaten eh pec ren atte tio 630 25.5 
OOS eraens csrch ati rana tn seaetentc aes 684 24.2 
FO Man uae ANE Levee aye a eh 700 23.8 
SOssove wmpce ue hehe arabrse Lie 704. 24.6 


PRODUCTION STATISTICS 


At the close of 1923, Goose Creek had produced a total of 47,760,- 
ooo barrels, and in Figure 2 is shown the production curve for the 
entire field, from the year 1912 to January 1, 1924. The total pro- 
ductive area at present consists of approximately 880 acres, giving 
an average total production to date of 54,272 barrels per acre, with 
the field still producing 13,500 barrels per day. 


DRILLING METHODS 


The rotary method of drilling is exclusively used in this field. It 
is the general practice to set from 400 to 800 feet of surface 10-inch 
casing. A 9¢-inch hole is then carried to the last gumbo above the 
sand to be tested. If this depth is not known, a rat-hole, or small hole, 
is carried in advance of the larger hole, until the sand is encountered. 
The hole is then reamed to the last gumbo above the pay, and 6-inch 
casing set. Drilling is then resumed with 5g-inch bit. When the hole 
is drilled into the sand to the desired depth, 43-inch liner and screen 
is set, the liner being sealed well up in the 6-inch casing. In wells lo- 
cated in the bay, as a rule, a few joints of surface 153-inch casing is 
set, followed by 500 to 1,000 feet of 10-inch. The hole is then com- 
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pleted as described above. Cementing of casing is not common, as a 
water-tight seat is usually assured by virtue of the tough, plastic 
nature of the gumbo and also by the cavey character of the overlying 
beds, which, immediately upon the cessation of the mud circulation, 
close in against the casing. 

The deepening, re-working, sidetracking, and plugging back of 
wells is common in Goose Creek, general rotary practice governing 
these operations. Coring of the sands was begun at Goose Creek 
in 1915. Prior to this time, practically no coring was attempted 
Oil sands were indicated by the showing on the ditch, or by cuttings 
caught in a receptacle at the mouth of the flow pipe, and it was be- 
lieved that an oil sand which would not show oil on the ditch was not 
worth testing. This belief has undoubtedly often been responsible 
for failures where a good oil well might otherwise have been com- 
pleted. The coring device generally used is a short piece of 3- or 4, 
inch pipe, toothed at one end, and is commonly known as a basket, or 
barrel. This barrel is screwed to the drill stem and lowered into the 
well, where it is rotated as an ordinary bit, with just sufficient 
weight upon the teeth to allow them to cut their way into the for- 
mation. When the desired length of core is drilled, the weight upon 
the teeth is increased, causing them to fold in toward the center, 
thus completely encasing the core. The drill stem is then pulled from 
the well, the teeth sawed off, and the core examined and analyzed to 
ascertain its oil or salt-water content. 

Goose Creek is the most modernly equipped field in the Coastal 
district. Plants of the various companies supply electrical power for 
the pumping of wells, treating of oil, etc. Practically every well in 
the field is pumped by electric power. The Gulf Production Com- 
pany has a 1,500-kilowatt plant located in the field. The Humble 
Oil and Refining Company supply power to the field from their Bay- 
town plant. 

The drilling cost of wells at Goose Creek has averaged approxi- 
mately $10 per foot for wells 2,400 to 3,500 feet deep. At the close 
of 1923, in the neighborhood of goo wells had been drilled within 
the comparatively small area of 880 acres, with an average produc- 
tion of 53,000 barrels per well. 
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SUBSIDENCE OF SURFACE OVER PRODUCTION AREA 


Since the active development of Goose Creek in 1916, there has 
been a marked subsidence of the area lying over the center of the 
field. During the years 1916 and 1917, the surface of Gaillard Penin- 
sula (as it was then known) was a land area which stood 3 to 2 feet 
above the mean high tide. Material was transported to the wells 
located upon the peninsula over shell and plank roads. Today, this 
entire land area lies submerged under possibly 3 feet of water. At no 
place could a subsidence be more clearly noted. In many places, 
along the north and south limits of the field, miniature faults may be 
seen plainly, and they may be traced for considerable distances. Re- 
cent elevations, compared with those determined by the U. S. Geo- 
logical Survey of 1916, show the greatest subsidence, of 2.2 to 2.7 
feet, to have occurred over the area of greatest production, with the 
surrounding area gradually resuming its original elevation a short 
distance beyond the limits of production. 

The explanation offered by the writer for this recent land sub- 
sidence is that, due to the enormous flow of gas, oil, and water in 
the wells, a movement or flow of the fluids in the sands caused a re- 
adjustment and closer packing of the sand grains. The overlying 
beds, consisting of comparatively soft clays, shales, and sands, gave 
way and settled to a lower position because of the readjustment of 
the underlying sands. 


THE SOUTH DAYTON SALT DOME, 
LIBERTY COUNTY, TEXAS" 


W. F. BOWMAN 
Houston, Texas 


ABSTRACT 


The South Dayton-Liberty salt dome is a characteristic Gulf Coast salt dome. The 
salt core is 13 by 24 miles in diameter and comes to within 500 feet of the surface. The 
major diameter strikes N. 30° E. The cap is 150-250 feet thick and consists of gypsum 
and anhydrite with a thin capping of limestone. The beds penetrated in drilling are 
Jackson to Recent in age. The top of the dome has been well tested; although shows 
of oil and sulphur were had, neither was found in commercial quantity. The lateral 
sands have be en tested only by three moderately deep wells and still offer possibilities 
of discovery of production. 


INTRODUCTION 


Most of the data for this paper was collected during 1922 by the 
writer and other members of the geological department of the Rio 
Bravo Oil Company under the direction of Dr. E. T. Dumble and 
Mr. John R. Suman, and is published with their permission. The 
history of development was compiled largely from periodicals pub- 
lished at the time of the early exploration around the dome. Early 
reports of the Rio Bravo Oil Company contained much information. 
The companies which drilled the different wells have been very 
liberal with such of their well logs as were preserved. Logs of many 
of the early wells were never kept. Early operators have given some 
records from memory. 


LOCATION 


The South Dayton salt dome is in the south central portion of 
Liberty County, Texas, about 38 miles northeast of Houston. It is 
in the Trinity River bottoms about 2-5 miles south of the Texas 
and New Orleans Railroad (Southern Pacific lines). Liberty, on the 
east side of Trinity River, and Dayton, on the West, both on the 
Texas and New Orleans Railroad, are the nearest towns. The river 
flows across the center of the dome, and accordingly the northeast 
half is most accessible from Liberty and the southwest half from 


* Known equally well as the South Liberty or the South Liberty-Dayton salt dome. 
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Dayton. Most of the area is subject to overflow, and from two to five 
months each year it is practically impossible to get to the area at all. 

Other domes in the region are Hull, 12 miles; Batson, 18 miles; 
Saratoga, 22 miles; and Sour Lake, 25 miles—all in a northeastward 
direction. Davis Hill is 18 miles north; North Dayton, 12 miles 
northwest; Humble, 25 miles west; and Barbers Hill, 12 miles south- 
west. All of these domes have been found productive except Davis 
Fill and South Dayton. All of the productive domes have yielded 
large quantities of oil with the exception of North Dayton and Bar- 
bers Hill. 


HISTORY 


The finding of oil on Spindletop salt dome in rgo1 started a search for salt 
domes throughout the Gulf Coast country. South Dayton almost immediately 
attracted attention. The indications in this area were sulphur springs, gas 
escapes, and oil seepages. The most important of these was a spring located 
near the south end of Duncan Lake in the southwest portion of the Matthew G. 
White survey. It is said that bubbles of gas as large as one’s fist could be seen 
coming up through the deep-blue sulphur water. Oil showings occurred also on 
the water. Similar indications were observed to the southwest across the river. 

Because of these favorable signs, a company organized by Messrs. Bullard 
and Wilson during the year 1902 drilled three wells in the Bullard and Wilson 
subdivision on the west side of the river. Good showings were encountered in 
each test. Well No. 3, which was completed later by the Liberty—Marble Falls 
Oil Company in 1905 at a depth of 419 feet, was thought for a while to be a 
gusher from a depth of 4oo feet. A rush was made to the area, and the prices 
of acreage soared to high figures, but sulphur water and salt water soon drowned 
out the oil and dampened the ardor of the promoters. 

In 1904 the Sulphur Springs Oil Company was organized by Mr. E. B. 
Pickett, Sr., and Judge C. F. Stevens, and this company started two wells. The 
first was drilled near the sulphur spring in the southwest corner of the Matthew 
G. White survey. In order to keep other leases from expiring, the hole was 
abandoned at 400 feet and the rig skidded a few hundred feet south where a 
second well was started. These locations were made here because of the gas 
and oil showings in the sulphur spring. 

In 1905 the Liberty-Marble Falls Oil Company was organized and took 
over both the Bullard-Wilson and the Sulphur Springs Oil Company holdings. 
No. 2 of the Sulphur Springs Oil Company, east of the river, was completed to a 
depth of 821 feet. This well encountered gypsum at about 500 feet and is re- 
ported to have gone through a very good showing of sulphur at around 600 feet. 

Encouraged by the results of these first five wells, a number of companies 
were organized and numerous wells were drilled. Practically all of the wells 
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encountered good showings of oil, but these were soon drowned out by salt and 
sulphur water. By the end of 1906, in addition to the Liberty—Marble Falls Oil 
Company, the Heywood Oil Company, the Pickett-Henry Company, and the 
Paraffin Oil Company had started operations in the field. Seven wells had been 
completed on the east side of the river and ten on the west. With the exception 
of the Liberty-Marble Falls No. 1 Bullard—Wilson subdivision and the Heywood 
Oil Company well east of the river, which were 1,200 and 1,500 feet deep, respec- 
tively, none of the wells were over goo feet deep. 

In 1907 two more wells were drilled, one on the east side of the river for sul- 
phur and one on the west side for oil. On account of the very favorable reports 
of solid sulphur encountered in the Liberty—Marble Falls Oil Company well 
which had been taken over from the Sulphur Springs Oil Company, the Ameri- 
can Sulphur Company of St. Louis, headed by Dr. A. L. Lyons, started the drill- 
ing of five wells. The first was located several hundred feet northeast of the 
Liberty—-Marble Falls Oil Company well. In this well considerable sulphur was 
encountered, but it is said was disseminated in small pieces throughout gravel. 
The second well was drilled only a short distance from the old Liberty—Marble 
Falls well, and practically the same conditions were found. Their Nos. 3, 4, 
and 5 wells did not encounter either oil or sulphur in commercial quantities. 

By the end of 1916 a large number of shallow wells had been drilled in 
search for cap-rock oil. This was a heavy oil and seemed to be in a thin scum 
or layer over the salt water. Numerous wells set casing above it and then drilled 
in, but in each case the salt water broke through the oil. Several of these wells 
are still flowing salt and sulphur water. 

In 1917, after deep oil had been found on the salt domes in other portions 
of the Gulf Coast area, the Empire Gas and Fuel Company started a series of tests 
for deep oil around the dome and drilled, in all, fourteen wells. Of these, four 
encountered cap rock and salt and were abandoned at shallow depths. Their 
first deep test was drilled on the J. Reviere land in the M. G. White League. 
This well encountered an oil sand at 2,876 feet which was about 20 feet thick. 
Strainer was set and the well blew out and threw oil over the derrick, but the 
strainer sanded up and the production was never brought back. The oil was 
about 28° Baumé gravity. Because of this show, the company bought ro acres 
of the Beard tract about 1 mile to the east, at a price of $12,500. A well 3,485 
feet deep was drilled on this tract, but no encouraging results were obtained. 
During this time the Empire Gas and Fuel Company had started drilling on the 
west side of the river. Two wells were drilled on the Charles Wilson land to a 
depth of about 3,000 and 3,600 feet, respectively. Three were drilled on the 
Jackson land to depths of less than 1,500 feet. One of these wells pumped oil 
for several weeks, but was not commercially profitable at the prices then prevail- 
ing. Three deep wells were drilled on the Welder land, but though each had 
showings, nothing of importance was encountered. In 1920 the Empire Gas and 
Fuel Company withdrew from the field without having developed any produc- 


tion. Their operations together with the drilling of other companies have pretty 
well outlined the dome. 
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In 1923 the Union Sulphur Company began a series of tests on top of the 
dome in search for sulphur. To the present time they have completed six and are 
drilling two others, but the results of these tests have not been made public. A 
deep test for oil is being made on the northeast side of the dome by the South 
Liberty Oil Company. This test is only about 50 feet south of the J. Reviere 
well drilled by the Empire Gas and Fuel Company and has encountered about 
the same oil showings as were obtained in that well. 

Drilling which has not been referred to heretofore and which nest to outline 
the dome was that of Grandberry and Staiti on Block 10 of their own subdivision 
and that of Hamilton e¢ al. on the Condit land in the southwest corner of the 
David Minchey survey. The Grandberry and Staiti well went about 1,750 feet 
without encountering dome material. The drill stem was twisted off and the 
hole lost without any tests having been made. Little or nothing has been learned 
about the Condit well except the reported depth, 2,670 feet. It is said that no 
dome material was encountered. 

To the present about fifty-six wells have been drilled in the field. Thirteen 
of these were drilled off the area of the salt; the others were shallow cap-rock 
tests. 


TOPOGRAPHY 


Trinity River flows across the center of the dome from north to 
south. Most of the dome lies in the bottom lands of the river, 
and the topography is mainly typical of the Trinity bottoms (Fig. 1). 
A low ridge encircles the north, northeast, and east sides of the 
dome. The highest elevation along this ridge is on the northeast 
edge of the dome where it reaches 34 feet. The average bottom lands 
range between ro and 18 feet above sea. This ridge is probably due, 
in part, to doming. 

The bottom lands in the vicinity of the dome are about 4 miles 
wide. The bank on the west side opposite the dome is some 50 feet 
high and forms an east-facing scarp. On the east side the bank is not 
so regular but is well defined. The banks are typical of the natural 
levees along east Texas rivers. 


STRATIGRAPHY 


The South Dayton salt dome lies within the area of the Beau- 
mont clays, about 8 miles south of the contact of these clays with the 
underlying Lafayette. The material exposed at the surface over most 
of the dome is silty and loamy alluvium from Trinity River. Along 
the ridge on the northeast edge of the dome and near the Reviere 
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Fic. 1.—Topographic map of the South Dayton salt dome 
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wells there are some fine, loose, orange- 
colored sands which are believed to be- 
long in the Beaumont clays, but may 
possibly belong to uplifted Lafayette. In 
the wells on top of the dome, sands and 
gravel are encountered down to the cap 
rock. For this reason, the formations 
directly over the dome have been as- 
signed to the Lafayette with the Beau- 
mont clays lapping upon the east side. 
In the wells which have been drilled 
on the flanks of the dome the respective 
contacts between the different forma- 
tions are not distinct, but they have been 
placed as shown in the cross-sections. 
In the Empire Gas and Fuel Company’s 
Beard well (Fig. 2), which is believed to 
be far enough off the dome so that the 
formations are little disturbed, the Beau- 
mont clays are about 4oo feet, the Lafay- 
ette about 1,100 feet, and the Miocene 
about 1,900 feet thick. These classifica- 
tions have been made entirely on the 
well log as reported by the driller. 
There is a striking similarity between 
this section and that which is exposed at 
the surface along Brazos River from 
Hidalgo Bluff in Washington County 
southward to below Hempstead. Mr. 
William Kennedy has divided the Brazos 
River section into the Lagarto, Lapara, 
and Oakville, which are the South Texas 
subdivisions of the Miocene. Because of 
this similarity these terms have been in- 
serted on the cross-sections although 
these subdivisions are usually grouped 
as the Fleming clay east of Brazos River, 





Fic. 2.—Cross-section of well of Empire Gas 
and Fuel Co. No. 1 Beard. 
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In the Beard well the Beaumont clays are inferred to include the 
clays and fine sands that are encountered at the surface down to 390 
feet. In the Lafayette is included the material encountered between 
390 and 1,500 feet, composed mostly of sand and gravel and a little 
clay. Gravel is believed to be characteristic of the Lafayette. Be- 
tween 1,500 and 2,560 feet there is a marked reduction in the propor- 
tion of the sand and gravel to the shales, gumbos, and clays. The 
gumbos and shales compose about two-thirds to three-fourths of 
this section, whereas in the overlying Lafayette the sands compose 
about two-thirds to three-fourths the section. The section from 
1,500 to 2,560 feet is believed to correspond to Kennedy’s Lagarto- 
Lapara exposed in the vicinity south of Chapel Hill in Washington 
County and along Brazos River from the H.&T.C. Railroad bridge 
south to a point below the wagon bridge on the Hempstead-Bellville 
road. In the section from 2,560 to 3,212 feet there is again an in- 
crease in the amount of sands and gravel in the section. The driller 
reports oyster and other sea shells. This portion of the log is believed 
to correspond to the Oakville as it is exposed in Hidalgo Bluff and 
north of Brenham in Washington County. Between 3,212 and 3,375 
feet are shales which may be either Oakville (Fleming) or Oligocene 
since there is shale in both the base of the Oakville and the top of 
the Oligocene. Below 3,375 feet sands again increase in amount. 
The break at 3,375 feet corresponds with a change in the J. Reviere 
well at 2,900 feet which the paleontologists report to be the top of 
the Oligocene. 

The only well around this dome from which samples have been 
obtained for microscopic examination is that of the South Liberty 
Oil Company. This well, which is located about 50 feet south of the 
Empire’s J. Reviere well, is now less than 3,300 feet deep. Paleontolo- 
gists who have examined the samples are agreed that the material 
between 1,150 and 2,900 feet is typical Miocene. Miss Ellisor, of the 
Humble Oil and Refining Company, who has examined samples 
from 2,986, 3,001, and 3,146 feet, reports re-worked or worn Oligo- 
cene and Cretaceous Foraminifera at 2,986 and 3,001 feet, and typi- 
cal Middle Oligocene Foraminifera at 3,146, suggesting transition 
beds at 2,986 and 3,001 feet. Miss Lane, of Mr. Alexander Duessen’s 
office, and Miss Ellisor, who have examined samples between 3,237 
and 3,257 feet, report material of Jackson age. 
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STRUCTURE 


The subsurface geology can best be understood by reference to 
the accompanying maps and cross-sections. The dome has been 
outlined as shown. It is elliptical in shape with its axis extending 





Fic. 3.—Graphic logs of wells on top of South Dayton 
salt dome. 


N. 30° E. The north and south ends are not 
defined exactly but are believed to be located 


about as shown. 
The salt core is nearly flat on top; it is highest at center and dips 


gently toward the edges; the east slope is steeper than the west. 
The sides of the salt core are very steep, but there are no wells yet 
drilled which indicate the exact slope at any place. The wells drilled 
either have encountered the cap rock and salt at shallow depths or 
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Fic. 4.—Section across north end of salt core 


have failed to encounter 
dome material at all. 
There is a possible excep- 
tion to this in the Empire 
No. 4 Welder which may 
have encountered dome 
material at a depth of 
2,062 feet. 

Across the north end of 
the dome the cap is en- 
countered at depths be- 
tween 320 and 440 feet, and 
it ranges from 170 to 262 
feet in thickness. Near the | 
center of the dome the cap 
is composed entirely of 
gypsum while toward the 
edges limestone with a 
thickness of as much as 40 
feet comes in on top the 
gypsum. The gypsum is 
thickest near the eastern 
edge of the cap-rock area. 
The cross-section A—A (Fig. 
4) is drawn to scale, and 
the data composing it are 
believed to be accurate. 
The conditions across the 
south end of the dome are 
shown in cross-section B-B 
(Fig. 5). In this section 
the cap rock is much thin- 
ner than farther north. 

If the normal dip and 
thicknesses of the outcrop- 
ping beds be considered, 
the Lafayette would be ex- 
pected at about 480 feet 
beneath the surface at 
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South Dayton, the Miocene at about 1,850, and the Oligocene 
at about 3,300 feet. According to our lithologic determination of 
the formations in the Empire Gas and Fuel Company’s Beard 
well, which is far enough from the dome not to have been 
affected by any great uplift, the Lafayette was encountered at 
390 feet, the Miocene at 1,500 feet, and the Oligocene at 3,375 
feet. As compared with the Beard well, the Reviere wells show an 
uplift of at least 500 feet on the top of the Oligocene, 350 feet on the 
Miocene, and about 200 feet on the top of the Lafayette. The high- 
est recognized Oligocene in the Riviere well is Middle Oligocene. If 
Upper Oligocene is present in the Beard well, then the Oligocene 
uplifted must exceed 500 feet. The lesser uplift shown by the upper 
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Fic. 5.—Northwest-southeast section across the south end of the dome 


formations is probably due to the thinning of the formations near 
the dome and to the bottom of the well being closer to the dome than 
the top. 

ORIGIN AND AGE OF THE DOME 


The origin of the dome may be associated with lines of weakness, 
which developed from the same forces that caused the Balcones and 
Mexia-Powell lines. The direction of the major axis of the dome, 
which is N. 30° E., seems to be the general direction of the major 
axis of several of the domes, Stratton Ridge, Saratoga, and others, 
and is approximately parallel with the Mexia-Powell line of faulting. 
Stratton Ridge, Goose Creek, Barbers Hill, South Dayton, and 
Batson can be placed on a line with the same general strike. — 

The age of the dome is perhaps the same as that of the Balcones 
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and Mexia—Powell lines of faulting, that is, Eocene or later. Around 
the dome the Oligocene, Miocene, and Pliocene have been uplifted. 
There seems to have been a period of erosion at the beginning of 
Lafayette times which removed from above the dome the formations 
which were laid down prior to the Lafayette. After the Lafayette 
was laid down, the movement continued and elevated the Lafayette 
some 400 or 500 feet above its normal position. 


FUTURE PRODUCTION 


This dome has been fairly thoroughly tested for oil in sands 
above the dome and in the cap rock. Good showings have been re- 
ported from both, but it is not likely that commercial oil will ever 
be developed in either. 

For deep oil the dome has been tested only in three localities. 
The Empire Gas and Fuel Company and the South Liberty Oil 
Company wells on the J. Reviere land off the northeast edge of the 
salt dome were each good tests. The Empire Gas and Fuel Company 
well went to 2,896 feet. A show of light oil in a sand near the bot- 
tom threw oil over the top of the derrick, but there was apparently 
no great quantity of oil. The South Liberty Oil Company well, 
which is near the Empire well, encountered showings at about the 
same depth. This test, which is well located with respect to the 
dome, is now drilling at 3,260 feet in beds of Jackson age showing oil. 

The Empire Gas and Fuel Company Wilson wells on the north- 
west side and the same company Welder wells on the southwest edge 
of the dome were probably fair tests of the Miocene and possibly 
of the Upper Oligocene. Good showings were reported in each of 
these formations, but production was not developed. In the Empire 
Gas and Fuel Company’s Jackson wells near the center of the west 
side a stall producer was obtained, but the wells were less than 1,550 
feet deep. With the foregoing exceptions the potential possibilities 
of the lateral sands are untested. 


NOTE 


Since writing the foregoing paper, the South Dayton dome has become 
productive of oil. The producing area is located off the northeast flank of the 
dome and is known as the South Liberty field. The discovery well, known as 
the Winfree Trustee well on the E. W. Pickett land, is located a little more than 
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500 feet southeast of the South Liberty Oil Company well on the J. Reviere land, 
which was drilling at the time of the writing of the foregoing paper. 

The discovery well came in December 31, 1924, for an initial production of 
500 barrels pipe-line oil. The oil is of the standard Gulf Coast grade, ranging 
about 22° Baumé gravity. Development has spread principally to the south 
and slightly to the north from the discovery well. Its trend is in a line parallel 
with the edge of the dome as outlined in the paper, and at a distance of about 
2,000-2,500 feet from it. 

The initial production of the wells range from 500 to 4,000 barrels each. 
The producing formation is about roo feet thick, ranging about 3,400-3,600 feet 
in depth. The productive formation is a fine-grained quartz sand of Oligocene 
age. There is apparently a shear zone in the immediate vicinity of the dome 
where the Eocene formations have been pushed up. Wells drilled in this zone 
are small producers of 10-20 barrels per day of about 38° Baumé gravity oil. 


HOCKLEY SALT DOME, HARRIS COUNTY, TEXAS 
ALEXANDER DEUSSEN AND LAURA LEE LANE 


ABSTRACT 


The Hockley salt dome in Harris County, Texas, is among the largest of the known 
salt domes of the Gulf Coast region. During the twenty-two years which have elapsed 
since it was discovered, nearly fifty wells have been drilled on and around it to depths 
ranging from 200 to 4,600 feet. Although numerous shows of oil, gas, and sulphur have 
been obtained from this exploration, there is today no commercial production of oil or 
sulphur from Hockley. 

The authors point out that large areas of the cap rock are still untested and may 
possibly yield sulphur commercially in the future. While there is no prospect of com- 
mercial petroleum from the cap rock, there are large off-side areas which remain un- 
drilled and offer some promise. 


INTRODUCTION 
LOCATION 


Hockley salt dome is located in the northwestern portion of 
Harris County, Texas, 31 miles from Houston. The nearest railway 
station is the town of Hockley, on the main line of the Houston & 
Texas Central Railroad, 42 miles to the north. Katy, on the main 
line of the Missouri, Kansas & Texas Railroad, is 11 miles south 
of the dome. 

The Hockley salt dome lies in the area where oil-producing domes 
predominate. It is situated, however, along the interior margin of 
this belt of productive domes, and at a greater distance from the 
coast (about 70 miles) than any other dome in this belt. Geologi- 
cally, however, its position is no farther inland than the Humble or 
Davis Hill domes. 

HISTORY 


Attention was first directed to the indications which mark Hockley salt 
dome in 1905, four years after the discovery of Spindletop. To one Patillo 
Higgins credit for first recognition of these indications appears due. However, 
Lee, Napier, and Spears drilled in 1902 on the Theodore A. Sully Survey, enter- 
ing a hard rock (probably sandstone) at 13 feet, and continuing in this to a depth 
of 60 feet. A small quantity of oil was found in the rock and a black shale was 
penetrated below the rock. Unlike most of the salt domes that, on the basis of 
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topography, were recognized very shortly after the discovery of Spindletop, 
among them, Big Hill (Jefferson County), High Island, Barbers Hill, Damon 
Mound, West Columbia, Hoskins Mound, Bryan Heights, and Big Hill (Mata- 
gorda County), all of which are characterized by a pronounced local elevation 
at the surface, Hockley dome is not marked.by a definite mound of this char- 
acter. This probably accounts for the fact that it was not until four years after 
the finding of Spindletop that the rather prominent surface indications at 
Hockley were noticed. 

Patillo Higgins had drilled at Spindletop before Lucas started operations 
there. After the Spindletop discovery he was the first to recognize the indica- 
tions at Barbers Hill, High Island, the present Orange field, and a number of 
other domes. Visiting the Warren ranch in Harris County, Higgins realized the 
significance of surface indications of the Hockley dome and immediately nego- 
tiated a lease. In 1906 he began drilling operations, the first well being drilled 
to a depth of 730 feet, where cap rock was encountered, proving definitely the 
dome nature of this locality. Explorations were continued by Higgins during 
the years 1906, 1907, and 1908, when six wells were drilled, all of them en- 
countering cap rock at a rather shallow depth. At that time dome development 
was confined to cap-rock exploration, because of the fact that the oil at Spindle- 
top had been found in cap rock in the top of this dome. No thought was given 
to the possibility that oil might be present in lateral sands around the dome. 
All of the Higgins wells were therefore drilled within the cap-rock area, and while 
the first well encountered a small quantity of oil in some of the upper sands, no 
oil in commercial quantity was found during the period of the Higgins explora- 
tions. 

Excepting one or two additional wells drilled to the cap rock, Hockley 
received no further attention until the year 1916, following the important dis- 
covery made at Sour Lake and Humble, in 1913, tha oil in large volume existed 
not only in the cap rock, but likewise at deeper levels in lateral sands surround- 
ing the domes. The Sour Lake and Humble development immediately focused 
attention again upon the considerable number of domes which had failed to 
yield production in the cap rock, and a new era of salt dome exploration was 
inaugurated. 

In line with this development, the Texas Company, in 1916, acquired a new 
lease at Hockley, and in that year drilled a well to a depth of 3,100 feet. This 
well encountered cap rock at 114 feet, and drilled into rock salt at 1,109 feet. 
The salt was said to be unusually pure, and was used by the drillers for table 
salt in camp. Due to a controversy concerning its leasehold rights, the Texas 
Company abandoned operations with the completion of this test, and the Gulf 
Production Company then secured a lease on the Coghill and Gulliver surveys, 
and began a period of very active exploration. 

The Gulf Production Company’s No. 1 Warren was completed in February, 
1917, at a depth of 397 feet. This well was drilled into the cap rock and was 
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very quickly abandoned. The drilling campaign of the Gulf Production Com- 
pany extended from 1917 to 1922, inclusive, in which interval nineteen wells 
were drilled. None of these succeeded in establishing commercial production. 
All but five of the wells were drilled on the cap rock, and did very little except to 
define the limits of the dome. They were valueless as tests for oil. 

In rgr9 the Texas Exploration Company acquired leases on the west, north- 
west, and northeast sides of the Hockley dome, including practically all of the 
dome not covered by the Gulf Production Company’s lease. The Texas Explora- 
tion Company has conducted a very active campaign of drilling since it began 
its first well in 1910, and this campaign is still in progress. In the five years that 
the company has been at work it has drilled a total of nineteen wells, and is 
now drilling its well No. 20. Of all these wells, however, only six have been 
off-side wells. The remainder have been drilled on the cap rock, in the effort 
either to establish some cap-rock production or to define the limits of this 
rock. 

The fifth off-side test (Texas Exploration Company’s No. 13 Warren) suc- 
ceeded in finding an oil sand at 1,750 to 1,820 feet, and a small well with initial 
production of 25 barrels of 28-gravity oil was made in this sand. 

The Texas Exploration Company’s well No. 15, located 250 feet northeast 
of No. 13, was drilled to a depth of 2,090 feet, and was completed in February, 
1924. It encountered the same oil sand as that found in No. 13, at a depth of 
2,052 to 2,090 feet, and a 75-barrel well with oil of 22 gravity was completed in 
this sand. 

Well No. 17 was drilled into anhydrite at 3,039 feet. It encountered highly 
saturated oil sands between 2,941 and 2,976 feet, but for some reason it was not 
an oil well. 

In the entire twenty-two years of exploration at Hockley there have been 
drilled a total of forty-six wells, with one well drilling at the present time. Of 
these, thirty-two wells were either on the cap rock or were very shallow tests, 
less than 400 to 500 feet in depth. The remaining fourteen wells were off-side 
tests to depths ranging from 1,750 to 4,412 feet, and of these, two have succeeded 
in establishing a small quantity of production. It is worthy of note that there is 
still a very considerable part of the circumference of the dome untested, and in 
the untested portion there is still a possibility of producing oil. As indicated on 
the map (Fig. 5), the deep drilling has been confined to four spots around the 
periphery of the dome. These spots include the tests made by the Gulf Produc- 
tion Company in wells No. 12 and No. 13, on the southeast side of the dome; the 
group of four wells of the Texas Exploration Company on the Houston Tap & 
Brazoria Railroad Company Survey No. 1, on the southwest side of the dome: 
the group of wells represented by Texas Exploration Company’s wells No. 13, 
No. 15, and No. 17, on the northeast side of the dome; and the tests of the 


Gulf Production Company represented by wells No. 3, No. 6, and No. 15, on 
the east side of the dome. 
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All of the lateral area extending from Texas Exploration Company’s well 
No. ro, on the southwest side, to its well No. 17, on the northeast side, repre- 
senting fully one-half of the periphery, is still untested. There is likewise a gap 
of more than a mile between Texas Exploration Company’s well No. 4 and Gulf 
Production Company’s well No. 12. Likewise there is another gap on the south- 
east side of the dome, of more than a mile, between Gulf Production Company’s 
well No. 13 and the same Company’s well No. 3, still untested. 


PHYSIOGRAPHY 


Hockley salt dome is located at the interior margin of a seaward- 
facing terrace of the coastal plain of Texas, which the senior author 
has described in a recent paper’ as the Alice Terrace. The outer 
and inner margins of this terrace are seaward-facing scarps, and 
the terrace is coterminous with the outcrop of the Lissie forma- 
tion. 

This terrace lies at a considerably higher elevation than the one 
immediately adjoining it to the south (described by the senior au- 
thor as the Beaumont Terrace), and at a slightly less elevation than 
the terrace which lies immediately adjoining it to the north (Realitos 
Terrace) .? 

In Harris County the Alice Terrace is a very flat plain with dis- 
section confined to the margins of the drainage channels. The 
soils of this terrace are mainly sand or sandy loams, and a con- 
siderable portion of this plain in Harris County is set with pine 
timber. 

The scarp, which marks the interior margin of this terrace, is the 
most pronounced topographic feature in Harris County. It is plainly 
discernible to the eye, and can be traced by a line of low hills extend- 
ing across the county in an east-west direction and passing into 
Montgomery County, about five miles north of Humble. It is very 
clearly defined on the topographic map, with one-foot contours, of 
Harris County, published by the U. S. Geol. Survey. 

At the base of this scarp, in the vicinity of Hockley, the eleva- 
tions average 170 feet. The high points on the crest of this scarp 

t Alexander Deussen, “Geology of Coastal Plain of Texas, West of Brazos River,” 
U.S. Geol. Survey Professional Paper 126 (1924), Ppp. 4-5. 

2 Ibid. 
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reach elevations as high as 200 feet, and an average height for this 
scarp of 30 feet above the lower plain may be safely assumed. 

Hockley salt dome lies on this carp, its southeastern flank lying 
well within the limits of the Alice Terrace, and its northwestern 
flank extending across the scarp to the edge of the Realitos Terrace. 

Because of its peculiar position with respect to this scarp, 
Hockley salt dome presents unusual topographic characteristics. 
Unlike many of the other domes, which are marked by distinct topo- 
graphic mounds, Hockley dome is not characterized by a distinct 
surface mound, and it is only by a critical study of the topographic 
map that the influence of this salt intrusion can be recognized in the 
contours. A topographic map of the area in which Hockley dome 
is located is shown in Figure 1. An inspection of this map will show 
the influence of this intrusion in the local topography. 

If the 170-foot contour be taken as typical, its normal course, 
when uninfluenced by the salt-dome intrusion, would be in a north- 
east and southwest direction, and it would normally extend directly 
across the Houston Tap & Brazoria Railroad Company Survey, 
from its northeast corner to its southwest corner. It will be noted, 
however, that instead of following this course, which is parallel to 
the present Gulf coast, at the northeast corner of the Houston Tap 
& Brazoria Railroad Company Survey this contour makes a sharp 
turn to the southeast, where it loops around a high area at the 
southeast corner of this survey. It then turns northwestward again 
near the center of the north line of this survey before resuming its 
normal course. There is an outlier of the 175-foot contour at the 
southeast corner of this survey, and this area of surface uplift is 
coincident with the southwestern margin of the dome. This is the 
only topographic influence discernible in connection with this salt- 
dome intrusion. 

The disturbance of normal topography is evidently subsequent 
to the deposition of the Lissie formation, which underlies the Alice 
Terrace. Other well-known mounds of the Coastal Plain, such as 
Spindletop, Barbers Hill, Damon Mound, and Big Hill (Jefferson 
County), are without question of post-Beaumont age and it is rea- 
sonable to assume that the Hockley disturbance is of about the 
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same age, which would indicate that the movements at Hockley 
had continued well into the late Pleistocene. 

The area above the salt core itself at Hockley is marked by a 
rather peculiar characteristic local topography. There are numerous 
pronounced small elevations, which have been described as pimples, 
and which occur at a number of places on the Coastal Plain. The 
surface of the land is locally very irregular and very rough. There 
are numerous depressions between these small elevations, and at a 
number of places vegetation does not grow, due to the presence of 
alkali and a small amount of salt in the soil. Near the southeast 
corner of the Houston Tap & Brazoria Railroad Company Survey, 
and at the point previously described as the one where the disturb- 
ance of the normal surface topography can be detected, there are, 
during periods of wet weather, gas seepages, and a post-hole auger 
in this area will uncover a small quantity of gas. In fact when Mr. 
Higgins first found this locality, he demonstrated the presence of 
gas in this vicinity by digging post holes and then igniting the gas. 
Likewise, in the soil in this immediate vicinity small flakes of sul- 
phur can be detected, these being associated with the gas. Strong 
sulphur water which will blacken a coin in a few minutes and will 
leave a very large residue of mineral matter is present in the shal- 
low wells, and is likewise a very characteristic feature in connection 
with the surface phenomena at Hockley dome. 


SURFACE GEOLOGY 


Actual exposures of the formations at Hockley are very scarce. 
At the northeastern margin of the dome, and near the southeast 
corner of the Robert Hall Survey, outcrops of red sand, which un- 
questionably can be referred to the Lafayette formation, are to be 
observed. 

In the banks of Rock Hollow, which cuts across the Thomas 
Coghill Survey, extending south from the Warren ranchhouse and 
draining into Big Cypress Creek, are outcrops of a gray sandstone 
which can probably be referred to the Miocene or Lower Pliocene, 
and correlated with the Fleming. It would appear from this evi- 
dence that the formation above the cap rock at Hockley is the lower 
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Fleming. The junior author has made a microscopic examination of 
this material, and finds that it is indurated sulphurous yellow sandy 
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lic. 1.—Map showing topography of Hockley Salt Dome in Harris County, 
Texas. 
clay. When washed, the material leaves fragments of the clay and a 
small amount of blue sand. A sample from a nearby outcrop showed 
gray hard sandstone with a lime matrix. The material when washed 
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leaves fragments of the sandstone incrusted with clay and lime 
particles, and a residue of moderately coarse sand which constitutes 
40 per cent, approximately, of the washed material. 

Shark teeth, found in a bed of shale at 300 feet in Higgins well 
No. 1, were examined by Dr. L. Hussakof, of the American Museum 
of Natural History, New York, who reports: 


The shark teeth are identical with, or very close to, Oxyrhina minuta 
Agassiz, a Lower Miocene (Europe), and Upper Eocene (North Carolina) 
species. The other teeth represent the teleoston genus Sphyraena, which ranges 
from Eocene to modern times. 


As it is highly improbable that Eocene beds were entered at a depth 
of 300 feet in this well, a Miocene (Fleming) horizon is indicated.* 

The appearance of Fleming above the cap rock is distinct geo- 
logic evidence of uplift. This formation must have been intruded 
completely through the Lafayette, which in this vicinity is normally 
about 800 feet in thickness. 

In the off-side wells immediately surrounding the area of the 
cap rock, the Lafayette is the surface formation, and is penetrated 
in the upper portion of these wells. 

No dips in these surface formations can be detected which can 
be used to outline the limits of this dome. 


SUBSURFACE GEOLOGY 


Introduction.—A contour map showing the subsurface structure 
of Hockley salt dome is presented in Figure 2, and sections across the 
dome in Figures 3 and 4. These give an accurate picture of the 
geology of this dome. 

It will be noted from the sections and map that Hockley is a 
typical Gulf Coast salt-dome structure. There is an intruded plug 
of rock salt capped by a typical cap rock composed of a sheet of 
anhydrite and an overlying sheet of limestone with the adjacent 
formations tilted against the sides. The outline of the dome is oval 
or egg-shaped, with the major axis trending in a direction N. 22° W., 
and the minor axis trending approximately N. 38° E. 

: Alexander Deussen, “Geology and Underground Waters of the Southeastern 
Part of the Texas Coastal Plain,” U.S. Geol. Survey Water Supply Paper 335 (1914), 
p. 70. : 
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Salt core.—The salt core at Hockley rises to within 1,000 feet of 
the surface, and so far as our information extends, the top of the 
salt plug is fairly flat, as is shown on the cross-sections. The diam- 
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Fic. 2.—Subsurface contour of Hockley Salt Dome 


eter of the core at the top of the salt from southwest to northeast, 
along section AA, is approximately 4 miles, or 21,000 feet, which is a 
distance considerably in excess of the average dome of the Gulf 
Coast. 
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Fic, 3.—Section across Hockley Dome 
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Fic. 4.—Section across Hockley Dome 
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The diameter of the salt plug in this same section at the 4,000- 
foot contour is approximately 4} miles, or 23,000 feet. 

Along section BB, which extends from southeast to northwest, 
and in line with the major axis of this dome, the diameter of the salt 
core at the top and near the 1,000-foot contour is approximately 
28,000 feet, or about 5.3 miles, which is also very considerably in 
excess of the diameter of the average dome. Only the Humble and 
Stratton Ridge domes approximate these dimensions. At the 4,000- 
foot contour in this section this dome is approximately 33,000 feet 
in width, or very nearly 6.2 miles. 

So far as this structure has been explored, the sides of the salt 
core have very steep dips, the slope on the southeast side being 
approximately 2,500 feet in a horizontal distance of 1,750 feet, or 
at an angle of 55°. On the southwest side the salt surface dips ap- 
proximately 3,500 feet in a horizontal distance of 1,500 feet, or at an 
angle of 67°. On the northeast side the dip of the salt surface is 
2,000 feet in a horizontal distance of 1,000 feet, or at an angle of 60°. 
There is no information available as to the dip of the salt surface on 
the north or northwest flanks of this dome, as no wells have been 
drilled on these sides to date. 

Cap.—The salt core at Hockley is overlain by a typical cap such 
as is found on most of the domes in the Gulf Coast district. This cap 
is composed of a sheet of porous cavernous limestone saturated with 
small quantities of oil and variable quantities of sulphur in places. 
The limestone sheet is approximately 450 feet in thickness over the 
greater part of the salt core. 

Beneath the limestone sheet occurs a thick bed of dense, finely 
crystalline anhydrite, lying directly on the salt. This anhydrite is 
approximately 1,500 feet in thickness. 

The cap forms a thimble over the salt, feathering out toward the 
edges, and extending down the sides of the salt core for a limited 
distance as a thin wedge of material. It is probable that in the lower 
limits of the dome there is no typical limestone cap between the salt 
and the normal sedimentary formations. 

The contour of the top of the limestone cap rock is shown on the 
map (Fig. 5) by means of 50-foot contours. The highest contour 
passes near the northeast corner of the Houston Tap & Brazoria 
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Railroad Company Survey No. 1, the northeast corner of the 
Thomas Coghill Survey, and near the center of the T. A. Sulley 
Survey. The highest point on the cap rock, so far as known, oc- 
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Fic. 5—Map showing contour of the cap rock at Hockley 


curs in the Spear well on the T. A. Sulley Survey, in the north- 
western portion of the dome, where the top of the cap rock lies 85 
feet above sea-level, or only 100 feet below the surface. 

The sea-level contour includes the greater portion of the area of 
the cap rock. The 200-foot contour marks approximately the outer 
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limit of the cap rock, where it begins to dip steeply over the sides of 
the salt. Between the 200- and the 700-foot contours, the surface 
of the cap rock has a very steep dip, and if the overlying material 
were removed from this dome, these sides of the cap rock would ap- 
pear as almost vertical cliffs 500 feet in height. 


STRUCTURE OF SURROUNDING SEDIMENTS 


Section AA gives a very good picture of the structure of the 
adjacent sediments. On the southwest side of the structure it 
appears, from the information available on the basis of drilled 
wells, that the formations are not very greatly tilted against 
the sides of the dome. It seems that the plug has cut through the 
formations at this point without dragging them very far vertically 
upward. The dip of the Oligocene on this side is approximately 500 
feet in a horizontal distance of 2,000 feet, or at an angle of 10°. The 
Fleming and Lafayette formations appear to have about the same 
dip. On this side of the dome, what is hereafter called the non- 
fossiliferous Oligocene makes its appearance in well No. 5 of the 
Texas Exploration Company on the Warren lease, at approximately 
2,625 feet below sea-level, and the fossiliferous Oligocene in this 
same well makes its appearance at approximately 3,750 feet below 
sea-level. 

On the northeast side of the dome, as disclosed in wells No. 13, 
15, and 17 of the Texas Exploration Company on the Warren lease, 
the dip of the adjacent formations seems to be considerably greater 
than is the case on the southwest side, and it is worth noting that in 
this particular area a small quantity of production has been found. 
On this side the top of the Fleming formation seems to have a dip 
of approximately 20°, and the top of the non-fossiliferous Oligocene 
has a dip of approximately 65°. 

It appears that on this side of the dome the top of the non- 
fossiliferous Oligocene, as indicated in well No. 13 of the Texas 
Exploration Company, lies at a depth of approximately 1,400 feet 
below sea-level, and in well No. 17 of the Texas Exploration Com- 
pany, at a depth of approximately 2,400 feet below sea-level. It is 
interesting to note that the top of the non-fossiliferous Oligocene 
makes its appearance on this side of the dome very nearly 1,000 feet 
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higher than on the southwest side, and it is likewise interesting to 
note that on this section of the dome, where the Oligocene beds have 
been dragged up much higher than on the southwest side, some pro- 
duction is obtained. It is probably true that a condition prereq- 
uisite to the occurrence of oil in the Gulf Coast salt domes is that 
the adjacent formations should be dragged up around the sides of 
the salt a considerable distance above their normal position. 


STRATIGRAPHY 
The normal sedimentary formations of the Hockley salt dome 
include the following: 


Age Formation 
Pleistocenes 24 carne nes Lissie 
Wate Pliocenemas tier Lafayette 
Leta SPATS eet nore Fleming 
Miocene 
Oligoceneyis as ca eee Oligocene 
Boceneseaeementse ae some Jackson 


Lissie formation.—As previously mentioned, Hockley salt dome 
is located at the western margin of the outcrop of the Lissie forma- 
tion. Owing to the uplift that has occurred in connection with this 
salt intrusion, there is no exposure of the Lissie in the immediate 
vicinity of the dome, and no materials of this formation are en- 
countered in the wells drilled on top of this dome. Outcrops of the 
Lissie occur in a circumferential ring on the east, south, and south- 
west sides of the dome. The Lissie formation is made up of red sand 
and lenses of red gravelly clay. Beds of gravel are likewise very 
common. 

In a spring in the vicinity of Gulf Production Company’s wells 
No. 12 and No. 13, on the southeast side of the dome, there has 
recently been obtained an elephant tooth (third molar, upper left 
jaw, Elephas imperator) of early Pleistocene age. 

Lafayetie formation—The cap-rock area at Hockley, with the 
exception of a thin veneer of recent material, is marked by the out- 
crop of an inlier of the Fleming formation. This inlier occurs, as 
previously indicated, at the normal contact line of the Lissie and 
Lafayette. Owing to the uplift of the Lafayette around the margins 
of this dome, a narrow loop of Lafayette material extends out from 
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the main area of the Lafayette surrounding the inlier of Fleming, 
on the east, south, and west sides. Beyond this loop of Lafayette 
on those sides outcrops of the Lissie appear. 

The Lafayette directly overlies the Fleming clay on the sides of 
the dome. It does not overlie the Fleming in the cap-rock area. 

As recorded by the drillers’ logs, this formation at Hockley con- 
sists mainly of red sand, gravel, and bowlders. Beds of red gumbo 
and clay are likewise present. The presence of gravel and the pre- 
dominating red clay of these beds readily distinguish them from the 
underlying Fleming. 

The accompanying on (Fig. 6) of the diagnostic characters of 
the strata penetrated in Texas Exploration Company’s well, John 
Warren No. 5, will readily show the difference in the constitution of 
the materials as compared with those of the underlying Fleming. 
Charts prepared for the various wells drilled on this dome, which are 
not reproduced here, show the same general characteristics for this 
formation. 

No fossils are found in the Lafayette, which definitely fixes its 
age, but it is generally considered to be either very late Pliocene or 
very early Pleistocene. 

In well No. 5 of the Texas Exploration Company on the Warren 
lease, this formation is approximately 4oo feet in thickness. In well 
No. 4 on this same lease it is approximately 500 feet thick, and in well 
No. 17 it is approximately 800 feet thick. 

Fleming formation.—The Fleming formation immediately under- 
lies the Lafayette at Hockley, and overlies the Oligocene. As will be 
noted from the chart (Fig. 5), the formation consists mainly of blue 
calcareous gumbo. In the 2,600 feet of material representing the 
Fleming in Texas Exploration Company’s No. 5 well on the Warren 
lease, blue calcareous gumbo is the predominating material. This is 
the case in seventeen 10o-foot intervals as compared with nine 1oo- 
foot intervals which are composed of different materials. Out of the 
nine exceptional instances, three of these units are listed as pink cal- 
careous gumbo, instead of blue calcareous gumbo; and two units are 
listed as blue shale. Only four of the 100-foot intervals in the total 
Fleming show a predominance of sand. 

Pyrite in small quantities occurs in the sands of this formation, 
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Fic, 6.—Chart of diagnostic character of strata 








penetrated in Texas Explora- 


tion Company well No. 5—John Warren at Hockley, Harris County, Texas, as 
determined from drillers log and samples. 
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and in the particular well previously referred to, No. 5, pyrite is 
recorded in eight of the 100-foot units. This pyrite is probably not 
indigenous to the formation, but is an accessory mineral related to 
dome intrusion. 

There is one glauconite horizon recorded in well No. 5, in the 
2,200-2,300-foot unit, and glauconite has been noted in other wells 
on this dome in the Fleming formation. For example, in well No. 10 
of the Texas Exploration Company on the Warren lease, a glau- 
conite horizon was encountered at 1,900 to 2,000 feet. It is also re- 
corded at 1,400 to 1,500 feet in well No. 13 of the Texas Exploration 
Company on the Warren lease, in approximately the same relative 
stratigraphic position in the Fleming as in well No. 1o. In this case, 
however, there are only some 1,100 feet of material represented by 
this formation, the lower portion of the Fleming not being present 
here. In well No. 15 of the Texas Exploration Company on the 
Warren lease, glauconite was recorded between 1,500 and 1,700 feet, 
which is probably the identical horizon as that in No. 13. 

The Fleming formation is characterized by the presence of re- 
worked Cretaceous Foraminifera. In the Hockley wells, these Fora- 
minifera are confined to the Fleming formation, not being present 
in the overlying Lafayette or the underlying Oligocene. The species 
recognized in these wells include the following: 


REWORKED CRETACEOUS FORAMINIFERA IN THE 
FLEMING FORMATION AT HOCKLEY 


Trochammina inflata 
Textularia sp. 
Anomalina sp. 
Globigerina sp. 


In addition to these reworked Cretaceous fossils, the Fleming at 
Hockley contains fish teeth. 

The maximum thickness of the Fleming recorded in the Hockley 
wells is 2,600 feet. This extreme thickness is exceptional, and sug- 
gests that Hockley dome is probably located near the base of some 
regional synclinal depression. 

The Fleming formation includes materials of early Pliocene and 
of Miocene age, representing the equivalents of what the senior 
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author has described as the Oakville sandstone, the Lapara sands, 
and the Lagarto clays in the region west of Brazos River.’ 

The formation as encountered in these wells is identical in char- 
acter with the formation as shown on the outcrop farther north, in 
Walker and adjoining counties. 

Oligocene.—Beds referred to the Oligocene are encountered in 
the Hockley wells below the Fleming and above the Jackson forma- 
tion. 

As shown in the diagnostic chart (Fig. 5), the upper 1,000 feet 
of this unit consists predominantly of blue calcareous shale. In this 
part of the formation in the Texas Exploration Company’s No. 5 
Warren well, blue calcareous shale is recorded in six 100-foot inter- 
vals out of the ten 100-foot intervals represented. In one case blue 
rock is recorded and in another case blue gumbo. 

In view of these facts, blue calcareous shale may be considered 
to be the characteristic material of the upper 1,000 feet of the Oligo- 
cene in the Hockley wells. 

Pyrite was recorded in well No. 5 in nearly every sample exam- 
ined from this formation, but, as in the case of the Fleming, this 
mineral is probably secondary, being related to the dome intrusion. 

In well No. 5 of the Texas Exploration Company the lower 300 
feet is recorded as rock, which is probably hard sandstone. The same 
is true with respect to the lower 200 feet of well No. 4 of the Texas 
Exploration Company, and it may be safely considered that the 
lower 200 or 300 feet of the Oligocene in the vicinity of Hockley dome 
is blue hard sandstone which may be correlated with the Vicksburg 
limestone of Louisiana and Mississippi. The upper blue shale series, 
approximately 1,000 feet in thickness, may be considered to be the 
equivalent of the Middle and Upper Oligocene, as shown on the out- 
crop by the Catahoula sandstone and the clays which Dumble has 
described as the Onalaska clays.” 

The upper blue calcareous shale portion of the Oligocene in the 
Hockley wells contains no fossils, at least none of the cores recovered 

Alexander Deussen, “Geology of Coastal Plain of Texas, West of Brazos River,” 
U.S. Geol. Survey Professional Paper 126 (1924), pp. 97-102. 


*E. T. Dumble, “The Geology of East Texas,” University of Texas Bulletin 1869 
(1918), pp. 189-218. 
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from any of the wells have shown any fossils in this part of the forma- 
tion. 

The lower sandstone series has yielded a megascopic fauna, nota- 
bly in wells No. 4 and No. 5 of the Texas Exploration Company. 
This fauna consists of the following species, identified by Mrs. Paul 
Applin, Dr. C. W. Cooke, and Dr. Julia Gardner. 


OLIGOCENE FossiLs FROM WELLS AT HocKLEY 


Arca sp. 
Turritella sp. 


eaten Identical with Vicksburgian sp. 
Terebra sp. 


Naticasp; 2022-62. Similar to Vicksburgian sp. 


Phos sp. 
Nassa sp. 


No microscopic fauna has been found in the Oligocene in any of the 
Hockley wells. 

The total thickness of the Oligocene, as shown in well No. 4 of 
the Texas Exploration Company, is 1,700 feet, of which the lower 
200 feet consists of sandstone. This may be taken as representing 
the maximum thickness of this formation in the vicinity of the 
Hockley dome. 

When taken in connection with the rather excessive thickness of 
the Fleming in this section, it is further evidence that Hockley dome 
is situated in a synclinal depression. 

Jackson formation.—The lowest and oldest formation penetrated 
in any of the wells at Hockley is the Jackson. This is reached be- 
tween 4,000 and 4,380 feet in the Texas Exploration Company’s 
No. 5 Warren well, and between 4,200 and 4,412 feet in the No. 4 
well. It immediately underlies the Oligocene. 

The formation as recorded in these wells consists of black shale, 
and this is the characteristic black shale that commonly occurs im- 
mediately on top of, or adjacent to, the salt in many of the Gulf 
Coast salt domes. 

In the only two wells which have reached this formation at 
Hockley, a very good collection of both megascopic and microscopic 
fossils has been obtained. The species include the following: 
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Jackson Fossits FRoM WELLS AT HOCKLEY 
(Identified by Mrs. Paul Applin) 
FORAMINIFERA 


Ammobaculites sp., cf. to foliaceous 
Textularia hockleyit 

Textularia, probably var. of sagittula 
Bolivina sp. 

Nodosaria consorbrina, var. of emaciata 
Cristellaria orbicularis 

Cristellaria aculeata 

Uvigerina pigmaea 

Discorbis sp. 

Truncatulina sp. 

Pulvinulina sp. 

Nonionina scapha 

Nontionina sp. 

Cornuspira, cf. foliacea 
Quinqueloculina sp. 

Triloculina oblonga 


LARGE FOSSILS 


Adeonellopsis teanoversa (Jackson and Claiborne) 
Polyascosoecia sp. 

Idmidronea rosacea 

Venericardia sp. 

Venericardia rotunda, young—broken (Eocene) 
Corbula wailesiana (Jackson) 

Phos sp. (close to Jackson sp.) 

Volutilithes sp. 

Volutilithes, probably petrosus fragment 
Pleurotoma childreni, new var. 

Turritella sp. 

Terebrafusus (broken), close to costatas, but with more spiral ribs 
Nassa sp., new 

Triforia sp. (Jackson) 

Eulima sp. 

Dentalium, probably var. of mississippiensis 
Cadulus sp. 


The maximum thickness of the Jackson recorded in the Hockley 
wells is 250 feet. It is doubtful whether a complete section of this 
formation has been penetrated in any of these wells. The thicknesses 
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of various formations penetrated in the wells drilled at Hockley and 
a correlation of the sections shown by different wells are shown in 
Plate 9. 

GEOLOGIC HISTORY OF THE DOME 


There is little direct geologic evidence indicating the time when 
the intrusion of the salt at Hockley began. That movements have 
continued on this dome as late as some time subsequent to the 
deposition of the Lafayette is clearly evidenced, and, as previously 
stated, it is probable that these movements have continued well into 
late Pleistocene or Beaumont time. 

The Lafayette, Fleming, Oligocene, and Jackson show definite 
tilting against the sides of the dome, and this is notably true on the 
northeast side. That all of these formations have been tilted from 
their normal positions by the intrusion of the salt is perfectly plain. 
If the dome movement was active in Fleming time it must have been 
an island around which Fleming beds were being deposited. There 
is little evidence that the Fleming formation around the margin of 
the Hockley dome contains nearshore deposits, and in view of this 
fact it may well be that the intrusion of this salt was not initiated 
until the completion of the deposition of the Fleming, which would 
fix the age of the initial movement as late Pliocene or even very early 
Pleistocene. 

OIL AND GAS 

As remarked in an earlier section of this paper, it was the oil 
encountered in a shallow well in 1902, and the seepages of gas, which 
resulted in the discovery of the salt core at Hockley. Notwithstand- 
ing the fact that explorations for oil on this dome have continued 
for a period of twenty-two years, very little in the way of actual oil 
production has been uncovered to date. All of the early explorations 
tested only the cap rock, and in a number of these wells a small 
quantity of oil was found, but nothing that could be considered com- 
mercial was discovered. 

Texas Exploration Company’s No. 1 John Warren well, on 
the cap rock, found showings of oil at 943 to 1,oro feet. Texas 
Exploration Company’s No. 6 John Warren, on the cap rock, had 
showings of oil at 52 to 187 feet. Texas Exploration Company’s 
No. 7 John Warren well, on the cap rock, had showings of oil from 
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232 to 238 feet. Texas Exploration Company’s No. 8 John Warren 
found showings of oil in the top of the cap rock at 165 feet. Gulf 
Production Company’s No. 2 Warren had showings of oil at inter- 
vals from 415 to 710 feet. Gulf Production Company’s No. 4 
Warren showed small quantities of oil at 263 to 267 feet, and at 365 
feet had a gas blowout. Gulf Production Company’s No. 9 Warren 
encountered showings of heavy oil from 77 to go feet. 

Of the deep wells off-side, the following have had showings of oil: 
Texas Exploration Company’s No. 2 John Warren made about two 
million feet of gas in a sand from 1,986 to 1,992 feet. From Texas 
Exploration Company’s No. 4 Warren well, cores of oil-saturated 
sand were taken at 2,228 to 2,292 feet and at 3,912 to 3,933 feet, but 
this well when tested failed to yield production. Texas Exploration 
Company’s No. 5 Warren well showed cores of oil-saturated sand 
at 3,883 to 3,913 feet and at 3,978 to 3,983 feet. In Texas Explora- 
tion Company’s No. ro well on the Warren lease no oil sands were 
found, but the gumbos between 2,175 and 2,644 feet were heavily 
saturated with oil. No sand was found in this interval which was 
capable of making production. Gulf Production Company’s No. 3 
Warren well reported a showing of oil at 2,519 to 2,527 feet. Gulf 
Production Company’s No. 15 Warren well on the northeast side of 
the dome set 4-inch screen at 4,273 to 4,295 feet in a sand showing 
oil and gas. Pipe collapsed in this well and salt water broke in, 
ruining the well. 

The most encouraging results thus far found in the off-side 
explorations at Hockley have been obtained in the Texas Explora- 
tion Company’s wells No. 13 and No. 15 on the northeast side of the 
dome. No. 13 well on the Warren lease found a sand rock showing 
oil at 1,747 to 1,750 feet, a hard sand showing oil at 1,785 to 1,802 
feet, and a sand with oil at 1,818 to 1,820 feet, immediately on top 
of the anhydrite. A 25-barrel well of 26-gravity oil was made in these 
sands. This well was completed on October 15, 1923, and is still 
pumping a few barrels of oil. 

Texas Exploration Company’s No. 15 Warren, completed on 
February 5, 1924, 250 feet northeast of No. 13, found the same series 
of oil sands encountered in No. 13 approximately 250 feet deeper. 
These sands were found in this well at 2,052 to 2,090 feet, and the 
well when completed yielded 75 barrels of oil. Water soon broke in. 
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While the well is still capable of yielding a small quantity of oil, 
production is of no great amount. The gravity of this oil is approxi- 
mately 22 degrees, and the color is dark brown, as compared with 
the 26-gravity green oil in No. 13. 

Texas Exploration Company’s No. 17 Warren, located 250 feet 
northeast of No. 15, picked up showings of oil around 1,545 feet, 
and these showings continued at intervals to a depth of approxi- 
mately 2,967 feet. Between 2,952 and 2,967 feet this well contained 
moderately coarse sand very heavily saturated with oil, but the 
well when tested failed to yield production. 

The question is often asked as to whether Hockley will ever yield 
oil in commercial quantities, and as to whether this dome will enter 
the list of producing fields. Unfortunately, it is impossible to give a 
definite answer to these questions. It is argued by those who are 
doubtful of its possibilities that Hockley lies at the inner margin to 
the Gulf Coast salt-dome belt and is too far to the interior to be 
properly classed with the other oil-producing domes of the Gulf 
Coast. In other words, it is sometimes compared with the interior 
domes of northeast Texas in Anderson and Smith counties. 

It is likewise contended by some that, owing to the fact that the 
Oligocene, or at least the upper portion of it, is of non-marine char- 
acter, as evidenced by the absence of fossils, the chances are against 
obtaining production. 

In answer to these arguments it can be stated that Hockley is 
identical in all respects with the structure of the other Gulf Coast 
salt domes, and has none of the features which characterize the 
interior domes. It has the typical cap rock and anhydrite of the 
other Gulf Coast salt domes, and in nearly all other respects is 
identical with the other producing domes. It is also no farther inland 
than Humble, which has yielded a greater quantity of production 
than any other Gulf Coast salt dome, and the geologic section pene- 
trated by the Humble and Hockley domes is identical. However, at 
Humble all of the Oligocene is decidedly fossiliferous, which is not 
the case at Hockley. 

The following may be considered adverse features of this dome 
from an oil-production standpoint. On the south, southeast, and 
southwest sides the salt appears to have penetrated the adjacent 
formations without tilting them at very steep angles, and likewise 
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it has not succeeded in dragging up with it any considerable portion 
of the lower-lying formations. In other words, the Oligocene and 
Jackson have not been dragged up very high against the sides of 
the salt on the south, southeast, and southwest sides, as has been 
the case at Humble, and as is the case where the domes yield produc- 
tion in great quantities. Further, the Fleming and Oligocene are 
abnormally thick in the immediate vicinity of the Hockley dome, 
indicating that this structure lies well within the bottom of some 
synclinal depression, and this may also possibly militate against its 
producing capacity. 

On the other hand, it is to be recognized that on the northeast 
side the lower formations have apparently been dragged up very 
much higher than is the case on the southwest side, and it is likewise 
to be recognized that practically one-half of the perimeter of the 
dome extending from the Texas Exploration Company’s well No. 15 
on the northeast to Texas Exploration Company’s well No. 10 on 
the southwest has not been tested with a deep well, and nothing is 
known concerning the structure of this portion of the dome. 

The best evidence of the productive capacity of the Hockley 
dome is the production that has been obtained in off-side sands in 
wells No. 13 and No. 15, and it is axiomatic that where there is a 
small quantity of oil, future drilling generally reveals more. In 
nearly all of these deep off-side wells there is very considerable evi- 
dence of saturation. Likewise, small quantities of oil are present in 
the cap rock, unquestionably proving that there must be some 
accumulation around the sides, else these migrations into the cap 
rock would not occur. 

The authors are therefore of the opinion that oil in commercial 
quantities will sooner or later be obtained at Hockley, and from evi- 
dence now at hand it appears that the most likely area extends 
northwest from the Texas Exploration Company’s well No. 15, 
around the northern perimeter of this dome. 


TABLE OF WELLS 


In the attached table is given a complete list of wells drilled at 
Hockley to date, together with a summary of the facts pertaining 
to them. 
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SULPHUR 


The thick limestone cap at Hockley would appear to be favorable 
to the occurrence of sulphur. While a number of showings of sulphur 
have been obtained in various wells drilled at Hockley, it cannot be 
stated at this time that there is a commercial deposit of sulphur in 
the Hockley dome. Whatever sulphur is present is probably spotted, 
though considering the large area of this cap rock, it is possible that 
small tracts of 25-50 acres in extent may contain sulphur in suffi- 
cient quantities to justify exploitation. 

The following wells have been reported as showing ane 
Texas Exploration Company’s No. 1 Warren has shown sulphur at 
942 to 1,048 feet. Layne and Bowler’s well No. 1 Warren encoun- 
tered sulphur-bearing rock at 222 to 237 feet and at 354 to 504 feet. 
The so-called Speed well was reported to have shown much sulphur. 
Gulf Production Company’s No. 1 Warren well encountered sulphur- 
bearing rock at 136 to 177 feet. 

There is still a considerable portion of the cap rock untested for 
sulphur. As will be noted from map (Fig. 3), no well has penetrated 
this rock in the area outlined by the Spear well, Gulf Production 
Company’s wells No. 9 and No. 17, Layne and Bowler’s No. 1 
Warren, Gulf Production Company’s No. 5 Warren, and Texas 
Exploration Company’s No. 7 Warren and No. 8 Warren. This area 
includes approximately 640 acres of land, and what might be de- 
veloped in the way of sulphur by exploring this portion of the cap 
rock remains to be seen. 
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THE BLUE RIDGE SALT DOME, FORT 
BEND COUNTY, TEXAS* 


D. S. HAGER anp E. STILES 
Houston, Texas 


ABSTRACT 


The Blue Ridge salt dome is a characteristic Gulf Coast salt dome and has a topo- 
graphic mound, a stocklike salt core, a “lime” (gypsum) anhydrite cap, and steeply 
dipping beds on the flanks. The stratigraphic relations have been worked out by micro- 
paleontologic studies. The beds penetrated by the drill are Pleistocene to Jackson in 
age. Modest, somewhat freaky production has been established. The gravity of the oil 
ranges from 18° to 46° Baumé, and on the average is around 28° Baumé. The produc- 
tion is from flank sands. 


LOCATION 


The Blue Ridge salt dome is in the eastern part of Fort Bend 
County, close to the Harris County line, Texas. It is 15 miles south- 
west of Houston, and 2 miles south of Missouri City. The Houston- 
Richmond pike runs through Missouri City, and dirt roads lead 
south from this highway to the field. 


HISTORY 


Blue Ridge comprises two low hills of about 20 feet elevation, lying some 
3,500 feet apart on a northwest-southeast axis. On account of these two surface 
mounds, the Rio Bravo Oil Company drilled a test well (1)? in 1903, in the south- 
west corner of the Edward Drew survey, to a depth of 1,420 feet. Oil shows were 
encountered from 153 feet to the bottom; gypsum and lime at intervals from 
156 to 790 feet, where lime and salt were found. At 820 feet, the main salt body 
was reached, and the well was abandoned in salt at 1,420 feet. 

After the Rio Bravo test had proved the salt-dome character of the area, 
other operations were soon undertaken. Few ventured far from the first test. 
Beatty and House, of Houston, drilled the second well (2). It was 300 yards 
west of the Rio Bravo boring. Only insignificant shows of oil and gas were 
found, and the well was abandoned in sait and “lime” formation at 820 feet. 

Next, Hager and Josey drilled a well (3) early in 1905, in Lot 4, Block E, 
Edward Drew survey. It was taken over by the Blue Ridge Oil and Develop- 

* The writers are indebted to Don F. McIntosh, Gulf Production Company, for a 


large part of the information on the history and production of the field; to C. R. Carter 
for the drafting on the accompanying maps and sections. 


? Numbers in parentheses following names of wells refer to index map and list. 
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ment Company, composed of Houston men, and completed at a depth of goo 
feet, where it stopped in rock salt. Their No. 1 Blakeley (4), Lot 3, Block E of 
same survey, stopped in salt at 1,000 feet. This company drilled five wells in the 
southeast part of the Drew survey before applying for a receivership in 1906. 

Early in 1907, the Valley Ridge Oil Company drilled a well in Lot 4, Block 
E, Drew survey, to 1,240 feet, and abandoned the test at that depth in salt. 
Showings of 17° Baumé gravity oil were reported from 700 feet. In the fall of 
1907, the Daylight Oil Company drilled two wells, of which No. 1 was lost with 
casing twisted off, and No. 2 abandoned on account of water trouble at 1,132 
feet. These were located 4,000 feet north of the wells in Lot 4, Block E, Drew 
survey. The Producers Oil Company took over the holdings of the Daylight Oil 
Company and in 1908 drilled Blakeley No. x (5) in the north part of the Drew. 
survey to a depth of 1,100 feet; J. S. Stewart completed this well to 1,600 feet. 
Its only showing was a heavy asphaltum at 1,272 feet. J: S. Stewart e¢ al., in 
1908, completed another well (6) at a depth of 1,300 feet near the center of Lot 8, 
Block C, Drew survey. It had a slight show at 1,200 feet. Both these tests were 
off the dome. 

During the years 1909 to 1913, operations ceased at Blue Ridge. In the 
summer of 1914, the Blue Ridge Oil and Gas Company drilled two wells on the 
Blakeley land. Their No. 1 (7), Lot 6, Block C, Drew survey, was junked at 
1,900 feet. The derrick was moved 55 feet north and, on Lot 7, a hole (8) sunk 
to 1,846 feet. Both these wells were to the north of the dome and had no oil 
shows of importance. Their third well (9), Lot 7, Block A, Robinson subdivision, 
was drilled to 700 feet; salt was reached at 640 feet. 

In 1917, the Blue Ridge Development Company, including Esperson et al., 
drilled No. 1 Adams (10) in the southwest corner of A. J. Adams subdivision, 
Thos. Habermaker survey, to 874 feet. Rock salt was reached at the shallow 
depth of 246 feet. In the same year, their No. 1 Robinson (11) was completed to 
a depth of 2,080 feet. This was southwest of the dome on the T. J. Ewing tract 
in the Hicks Shropshire survey. No showings were found. 

In 1918, the Gulf Production Company entered the field. Their first well, 
No. 1 Robinson (12), was a dry hole, 3,328 feet deep. It was near the northeast 
corner of the Hicks Shropshire survey, north of the salt. Their next test, No. 1-C 
Blakeley (13), in the central eastern part of Lot 3, Block E, Drew survey, lost 
returns and was abandoned in salt water at 435 feet. In April, ro1g, their third 
well, No. 2-C Blakeley (14), located goo feet northeast of the second test, in 
Lot 3, Block F, Drew survey, came in flowing 1,200 barrels per day by heads, at 
2,700 feet. The gravity of this oil was 29.3° Baumé. It distilled considerable 
kerosene, but little gasoline. This was the first commercial well in the field. Al- 
though it was considered rather a freak well, it drew the attention of large pro- 
ducers to the field and brought on a more systematic drilling campaign. As 
much as $700 an acre was paid for acreage more than 1,000 feet from the well. 
By the end of the year, eight of the larger operators were engaged in active 
development, among them the Gulf Production Company, The Texas Company, 
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Sinclair Oil Company, Republic Production Company, West Production Com- 
pany, and R. C. Duff. 

In 1919, the Gulf Production Company completed Luscher Nos. 1 (14) and 
2 (15) as small pumpers. During 1920, development was active on the eastern 
side of the dome, and continued to about the fall of 1921. Some drilling con- 
tinued during 1922 and 1923. On the west side of the dome, development be- 
came very active in the late fall of 1920 when The Texas Company completed 
No. 1 Robinson (40) in the latter part of October, for 5,000 barrels of fluid, 50 
per cent water. The intense drilling continued in 1921. The main development 
was on r-acre lots of blocks 2, 3, 13, and 14, Robinson subdivision, Shropshire 
survey. As high as $10,000 for 1 acre was paid. In general, the sands on the west 
side proved freaky; they were thin and pinched out sharply. Interest rapidly 
slackened. In June, 1923, The Texas Company revived it by bringing in their 
No. to Robinson (94), farther northwest, for 3,000 barrels per day. By Decem- 
ber, this well was pumping 150 barrels per day. 

At the present time, three wells are being drilled at Blue Ridge. 


PHYSIOGRAPHY 


The Blue Ridge mound covers approximately 1,000 acres, and 
rises to a height of about 20 feet above the surrounding country. Its 
shape is shown on the accompanying topographic map, which was 
made by the Roxana Petroleum Company (Fig. 1). Its axis strikes 
northwest and southeast. There are two flat hills on the dome, about 
3,500 feet apart, with an intervening low area. It is interesting to 
note that the depression on the surface overlies the highest part of 
the salt core. This topographic low was probably caused by the 
leaching out of the top of the salt by surface waters. 


GEOLOGY 


Blue Ridge is a typical Gulf Coast salt dome, composed of a salt 
core intruded through the surrounding shales and sands and sur- 
mounted by cap rock. 

The shape of the salt core is elliptical, as indicated by the wells 
which have been drilled into salt. Such wells show the salt to extend 
approximately 1.5 miles along the northwest-southeast axis, and 1 mile 
at right angles to this axis. As can be seen from the cross-sections, 
the depth to the salt varies from 143 feet on top of the dome to over 
3,500 feet on the flanks. The top of the salt core slopes gently, but 
the sides dip sharply. The three sections across the dome, shown in 
Figure 2, serve to bring out the shape of the salt core. 
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Fic. 1.—Topographic map of the Blue Ridge salt dome 
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Fic. 2.—Cross-sections of the salt core. For the position of the sections see Figure 1 
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The outline of the salt in these sections is more or less hypo- 
thetical, inasmuch as there are not enough wells drilled on the top of 
the dome to define its shape. The top of the salt along the northwest 
and southeast axis, Section A-B, is relatively broad and flat. This is 
also true along the northeast-southwest axis, Section C-D. At the 
southeast end of the field, Section E-F, in a north-and-south direc- 
tion, shows the top of the salt to be narrow and rounded. 

The cap rock is not found in wells drilled away from the salt core. 
It is best developed on the dome. The cap consists of “lime”? and 
gypsum with salt interbedded, and pyrites; in some wells it had 
shows of oiland sulphur. In one well, the Adams Oil Co. No. 1 
Adams (70), it produced some oil. In Republic Production Co.’s 
No. 6 West (61) there were 87 feet of salt and gypsum; in the 
No. 5 West (60), 179 feet of salty shale, “lime,” and “gyp” rock; in 
the No. 2 West (57), only 60 feet of soft gypsum; and in No. 1 West 
(17), 109 feet of gypsum and salt. In the Rio Bravo Oil Co. No. 1, 
there were 450 feet of “lime,” pyrites, gypsum, and salt interbedded. 
These figures indicate that the cap rock is thicker toward the top 
of the dome, wedges out toward the edges, and finally disappears. 
On the higher parts of the dome, part of it has possibly been eroded. 

On the east side of the salt, the oil sands dip away from the core 
at angles of 35° to 45°, as measured between the Gulf Production 
Co. Bassett Blakeley No. 2-C (14) and the Oil Production Co. No. 1 
Lee-Bashara (98). On the west side, the dip seems to be greater, 
especially close to the salt. Paleontological examination of cuttings 
from wells, discussed under “Stratigraphy,” indicates that on the 
west side of the dome this sharp dip diminishes within a short dis- 
tance away from the salt. The dip on the base of the Fleming be- 
tween The Texas Co. Robinson No. 9 (89) and No. 10 (94) is 380 
feet in a distance of 760 feet, or at the rate of 27° to the southwest; 
from Robinson No. 10 to the Mutual Oil Co. No 1 Weems (97), the 
base of the Fleming dips 364 feet in a distance of 1,300 feet, or at the 
rate of 16°. 

STRATIGRAPHY 

The data in regard to stratigraphy of the Blue Ridge field were 

secured through courtesy of the paleontological departments of The 
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Texas Co. and the Humble Oil and Refining Co., and apply chiefly 
to the area west of the salt. 

The surface formations at Blue Ridge are Pleistocene in age. 
Except on top of the salt core, the thickness of these beds is fairly 
uniform. They consist of 500 feet of clays, sands, and gravels, the 
upper part of which belongs to the Beaumont or Coast clays, the 
lower part to the Lafayette or Lissie gravels. 

The top of the Fleming, which embraces the Pliocene-Miocene 
formations, is about 500 feet below the surface in Robinson No. 10, 
the base at 3,800 feet. Aragonitic prisms and re-worked Forami- 
nifera are typical of this formation. The upper 1,000 feet of the Flem- 
ing are mainly gumbo, sand, and bowlders; the middle and lower 
parts, from 1,400 to 3,760 feet, contain much lime, with shales and 
bowlders. The oil sand at 3,900 feet is in the top of the Oligocene. In 
No. 9 Robinson (89), the base of the Fleming is placed at 3,470 feet. 

The Oligocene in No. 9 Robinson extends from 3,470 feet to the 
bottom of the well at 3,892 feet. The Oligocene consists here of gray 
sand and shale, and some pyrite and glauconite. At 3,867 feet, anhy- 
drite was found, possibly in the cap. The production is from the upper 
part of the Oligocene. In the Mutual Oil Co. No. 1 Weems (97), the 
Fleming-Oligocene contact was at 4,229 feet, and the well is still in 
Oligocene at 4,450 feet, the present depth of the well. Samples from 
that depth show fine gray sand. In The Texas Co. No. 1 Robinson 
(40), which is closer to the salt than wells previously mentioned, the 
base of the Oligocene is at 3,410 feet, and consists of gray marly clay. 
A sample at 3,662 feet was determined as being from low in the 
Jackson formation. 

A sample from the Humble Oil and Refining Co. No. 1 Damon 
Mound (32), at 3,507 feet, was determined as Miocene; Oligocene 
extended from 3,649 feet to the bottom of the hole. The same com- 
pany’s Dew No. 1 (33) was still in Miocene at 3,238 feet, and their 
West No. 2 (74) was in the Miocene, or the lower part of the Fleming, 
from 1,730 to 2,862 feet. Scattered samples from 2,862 to 2,866 feet 
in this well showed Oligocene fossils; and one sample from 3,051 to 
3,246 was of Jackson or upper Eocene age. The Oil Issues Co. No. 1 
Booth (54) had Oligocene at 3,897 to 3,907 feet. 

On the east side of the dome, the Kirby Petroleum Co. No. 2 
Lee-Blakeley (85) had Oligocene at 3,741 feet, and the Sinclair Oil 
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Co, No. 1 Lee-Bashara (44) was in Oligocene at 3,655 feet. In neither 
case did the sample indicate the top of the Oligocene. 

On the west side of the field, the oil is coming from sands in the 
upper part of the Oligocene. This may hold true for the eastern part 
of the field, but sufficient paleontological work has not yet been done 
in that area. 

OIL AND GAS 

The field was first tested on account of the mound. Gas or oil 
seeps were not found at Blue Ridge. 

The character of the cil at Blue Ridge varies. On the western 
flank of the dome, the gravity is from 28.5° to 31° Baumé; in the 
northeast area, from 18.4° to46° Baumé. The best wells there produce 
oil of 24.4° to 29° Baumé gravity. The oils of extremely high or low 
gravities are found only in freak wells. In the southeastern area, the 
gravity of the oil ranges from 22.4° to 23.5° Baumé. This is a 
typical Gulf Coast crude. The wells there on the average are the 
best in the whole field. 

In the western area, the oil for the most part is found in sharply 
dipping beds close to the salt. The wells usually came in flowing 
from several hundred to several thousand barrels per day. Within 
twenty-four hours, or at most a few days, the wells generally settled 
to steady flowing wells or pumpers of about roo to 150 barrels per 
day, continued to produce from several months to a year, and then 
sanded up and were abandoned. A production curve for the Humble 
Oil and Refining Co. No. 1 Damon Mound (32) is shown in Figure 3. 

In the northeastern part of the field the production of the 24° to 
29° Baumé gravity wells generally came in for a few hundred to 
several thousand barrels per day. Some of them flowed several 
hundred barrels per day for months and then made good pumpers of 
60 to go barrels or less per day. Figure 3 includes a production curve 
of the Gulf Production Co. No. 2-C Blakeley (14). 

In this section of the field several wells have also come in making 
high-gravity oil; also one of low gravity. The Gulf Production Co. 
No. 4 Luscher (27) produced 39° Baumé gravity oil. This well came 
in flowing 300 barrels per day. For the first month, the well averaged 
166 barrels per day. It decreased gradually until at the end of the 
first year it was producing about 8 barrels per day. At the end of the 
second year it was still producing from 2 to 23 barrels per day. The 
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Sinclair Oil Co. Davidson No. 2 (86) came in flowing 300 barrels per 
day of 42° Baumé gravity oil at 3,226 feet. Three and a half months 
later, it was producing 120 barrels daily; a year and nine months later, 
it was still making 30 barrels daily. The Texas Co. Fee No. 2 (75) was 
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Fic. 3.—Curves of monthly production for Gulf Production Co. Luscher No. 5 and 
Blakeley No. 2-C and for Humble Oil and Refining Co. Damon Mound No. 1. 









a small pumper of 18.4° Baumé gravity oil. It came in for 30 barrels 
and went up to 80 barrels per day; at the end of six months it was 
pumping to barrels per day. It was probably in a sandy lens fairly 
close to the salt. 

The production in the northeast area is from hard sand and sandy 
shale, away from the flank of the salt. In some logs, only sandy 
shale is shown. The pay ranges in thickness from 4o feet to over 100 
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feet; the sand ranges from ro to 4o feet, or over, and the rest of the 
pay is sandy shale. 

In the southeastern area, the oil is found in beds close to the salt. 
As already stated, it is typical Gulf Coast crude, and the wells are 
the best in the field. To date 
only a few wells have been drilled 
there. Of these only three are 
producing at present: the Gulf 
Production Co. Luscher No. 5 
(65) and No. 6 (92), and: West- 
Shenck No. 3 (84). The produc- 
tion curve of Luscher No. 5,which 
is typical of this area, is shown 
in Figure 3. 

No paying production has 
been found in the cap rock. The 
Adams Oil Co. No. 1 Adams 
(70) flowed too barrels for one 
day of 32° Baumé gravity oil 
from the top of the cap at 848 
feet. It was not possible to pump 
this well, as there was no fluid 
in the hole. After being drilled 
3 feet deeper, the well pumped 
ro barrels for one day and then 
averaged about 2 barrels per day 
for a week, when it stopped 
pumping. Although shows were 


: 1919 1920 192 1922 1923 
Sd lee niin wag, L222 Peewee OS | 


not found in commercial quan- Fic. 4.—Curve of yearly production 
for the whole field. 




















tity. 

The production curve for the entire field up to January, 1924, is 
given in Figure 4. 

The Gulf Production Co. at present runs most of the oil from the 
field through its 6-inch line. The oil is refined at Port Arthur. The 
Sinclair Co. has an 8-inch line from the field 14 miles eastward to a 
loading-rack at Almeda, on the I. & G. N. Railroad. The Texas Co. 
has a loading-rack on the Southern Pacific Railroad. 
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TABLE I 








Temperature (F.) | Percentage eae’ Remarks 














Blakeley No. 1, Blue Ridge Production Co. (Kavanaugh & West) 


° 


146°-248°..... Io 58.5 : 

248\—27'5 sere ae Io 54.4 Crude, 44.5° Baumé 

DPR co 0b. Io 52.0 Over-point, 146° F. — : 
Bo SEG) 6 oo dc 10 49.9 Gravity of total distillate (79 per cent), 48.4 
BiKo) SAAOVi, a Sa ce Io 47.8 Baumé 

AML AMD 6 ao cu Io 45.2 Distillation loss, 1 per cent 

MEAN 5 og oc Io 41.6 

ATs =ROOme ae 9 Bre 

Residue....... 20 30.6 





Blakeley No. 2-C, Gulf Production Co. 





107 —30Sm eee Io 5Onse Crude, 29.3° Baumé 
300i 300s IO 40.6 Over-point, 167° F. 
300. 102Neapeer Io 36.4 Gravity of total distillate (37.5 per cent), 
462°-500°..... Tas 30.5 43.3° Baumé 
Residuemeeerc 61.2 21.6° | Distillation loss, 1.3 per cent 
Pilant No. 1, Gulf Production Co. 
164°-278°..... Io elt Crude, 30.4° Baumé 
eA od oc IO 46.1 Over-point, 164° F. 
BOI SEGV 6 ee IO 39.6 Gravity of total distillate (52 per cent), 38.9° 
Cou AAs eet Io Bens Baumé 
BAC AQ Smee ee Io 29.6 Distillation loss, 1 per cent 
AQ5°—500..... DAMM DN Use ori 
Residuess sure: 47 20. 3° 
Luscher No. 5, Gulf Production Co. 
254.1 SOmee eee Io 41.0° Crude, 23.7° Baumé 
ASOT saean er Io B25 Over-point, 254° F. 
S165 2/7 3 29.7 Gravity of total distillate (23 per cent), 35.6° 
Residuesaarerr 76.83 20.9° Baumé 


Distillation loss, 0.17 per cent 


Analyses of the oil from Blue Ridge, made by E. T. Gregg and 
F. M. Seibert of the Gulf Pipe Line Laboratory, Houston, Texas, 
are given in Table I. The first is of an oil from the western side of 
the dome, the second of a typical oil from the northeast section, the 
third of a high-gravity oil from the same area; and the last is of a 
typical oil from the southeast side of the dome. 


TABULAR LIST OF WELLS 


Table II gives a list of the wells drilled in the field, showing 
owner, farm, total depth, date of completion, initial production, and 
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TABLE II 
Total Dat Initial pe 
Ma ota. ate nitia. TO- 
Ne Company Well Depth Com- Production | duction 
(Feet) pleted (Barrels)* (Barrels 
Daily) 
I Rio Bravo Oil Co. No. 1 Ty AZO |efevevelores cee SyateOoort tamer 
2 Beatty & House No. 1 ZOU lfanachs vate Sorel aterseaens Gooner ieoreeee Tome ne rave 
3 BlucwRideel@! SDs Coni|ace teen eteIn ee QOOs| are stereverciorsie Slatooos tama oeeenens 
4 Blue Ridge O. & D. Co. | No. 1 Blakeley EXOOO) lan acer S/At:E,000 ita) eneeres 
5 Producers Oil Co. No. 1 Blakeley 1,000}i)| Sarepetersteiciers | Loreen eriereell setteieiece 
6 Ip Sees On |Syaadeouosodoacamocr DEZOO Maas aumine denna mecca sates 
7 Blue Ridge O. & G. Co. | No. 1 Blakeley Tis QOOui| hratevaseaterere c | aretrerevermsciovet teri een 
8 Blue Ridge O. & G. Co. | No. 2 Blakeley SUNY Noval nied Geettenl Ato TG Goel etnias 
9 Blue Ridge O. & G. Co. | No. 3 Robinson WOOnll Mets cvsrteee || tae ee ln 
Io Blue Ridge O. & G. Co. | No. 1 Adams OTA nliereteiste ss Glee: Retatnvets 
Ir Blue Ridge O. & G. Co. | No. 1 Robinson BOAO ili Gravayntstevcravies Iartesatae vieisiawaneitenc 
12 Gulf Production Co. No. t Robinson BRO: meen encls fotete teil deceraretees hc ecaesre La aes 
13 Gulf Production Co. No. 1-C Blakeley ABM Nev Neonatal safer tires cats Smee eee ere 
14 Gulf Production Co. No. 2-C Blakeley 2,700 
15 Gulf Production Co. No. 1 Luscher Di MBO Mer cpayvoeers ta | Seeks eitalevate ices besieee macs 
16 Gulf Production Co. No. 2 Luscher 2,606 
17 Republic Production Co. | No. 1 West Maile) |b proaosopel|wheerrs  IVeeneooag 
18 Gulf Production Co. No. 1-B Blakeley PAGES ernetteeal tay meme ae Wak aete 
19 Gulf Production Co: No. 2-B Blakeley Eo aml Rte yeah op eas WN RN aie to are 
20 Gulf Production Co. No. 3-B Blakeley 2,074 
2I Gulf Production Co. No. 4-B Blakeley Bey ESE Wecriere ha edeoce racers akrayeye avabe: sts Si boce ataeecasd 
22 Gulf Production Co. No. 3-C Blakeley 2,950) TO-T4—20 1 5500) 9 8 [esis grajace 
23 Gulf Production Co. No. 4-C Blakeley 2090! | 4—T2—-97 | LOOOl | Pilgeidiernere 
24 Gulf Production Co. No. 1 Goodman CAN Ch Me ACS TRIS SOAGL EIR TE CTE Ce 
25 Gulf Production Co. No. 2 Goodman Be ED Mdrerstevwtsseratene | ae ee ralaherereyesate ate, co iearams 
26 Gulf Production Co. No. 3 Luscher 2,038 
27 Gulf Production Co. No. 4 Luscher 2,645 
28 Gulf Production Co. No. 1 West-Shenck BAST || Sersheisicraeiery| MOV Mime © Me ollsret sents 
20 Gulf Production Co. No. 1 Pilant 3,633 SOO Eanes nye 
30 Gulf Production Co. No. 2 Blakeley 2,538 I50 33 
31 Gulf Production Co. No. 1 Blakeley 2,605 By500)* ~ on lua enken 
32 Humble Oil & Rfg. Co. | No.1 Damon Mound] 3,947 276 15 
33 Humble Oil & Rfg. Co. | No. 1 Dew Bros. 3,301 Goon) 1) Ucar. 
34 Humble Oil & Rfg. Co. | No. 2 Dew Bros. 3,200 TOLOs Ne eeenesere 
35 Humble Oil & Rfg. Co. | No. 1 Myers Ba BAD) W sven eer erane Utiteleneae es kipa ava ecard] omen aes 
36 Humble Oil & Rfg. Co. | No. 1 Pearson 2,967 BOO a aieaion sts 
37 Humble Oil & Rfg. Co. | No. 1 Blakeley Pinata lies Onde earl Rank Bote Rana nncd Were hic 
38 Humble Oil & Rfg. Co. | No. 1 West BOOS lta fnste Gels Seat 2 TAs tty ler enna 
39 Mayer et al. No. t Mayo Ee CTO ROE PRO Sal Meer 
40 The Texas Co. No. 1 Robinson 4,112 RE OOOO MVE Milleeiiceiaiy 
4I Kavanaugh Pet. Co. No. 1 Isbell SSO orerestenearai| see ereie chate:etemeremyierere 
42 Kinney et al. No. 1 Bentley 2,779 
43 Sinclair Oil Co. No. 1 Davidson 3,350 
44 Sinclair Oil Co. No. 1 Lee-Bashara BraBiaonl Mea vaveevescote | sentaretcralvraraetars aici] lire 
45 Blue Ridge Prod. Co. No. 1 Blakeley By OSA Melstone Siat T,000: Tt “|hrapssce cre 
46 Crown Oil & Rfg. Co. No. rt Johnson SSB | iverdecateietciee Sidtes 33 4chtne |ctertaaen’s 
47 Crown Oil & Rfg. Co. No. r Ransom BRO! Plarehetetstora cies | ereretorereeeiuloverekeyar| aterstalsiarsye 
48 Deep Blue Ridge Oil Co.} No, 1 Blakeley as DBS iL eyhyay Veter oral ate | tascereterselate siedereve stern efore 
49 Invincible Oil Co. No. 1 Esperson 3,960 500 4 
50 Bennett, Jones, McClan- 
ahan No. 1 Texas Co. 2,804 SCOR mee |excerdeern 
ce 4 R.C. Duff No. 1 Soderberg As AAS S| devecaieveverstegsi level sjecststensisisatates[acerater assis 
52 | Mutual OilCo. No. 1 Booth 3,952 2,000 28 
53 |. Oil Issues Co. No. 2 Booth BEB | atsrejaievelctes | atereratarelehel seis evens |iseetmnceseracs 
54 Oil Issues Co. No. 1 Booth ES nee ccoobg|atruado op monss| Io ode cient 
55 Republic Production Co. | No. 1 Booth Bus OOul lace wemete SS MUS 200 Tts all c acne wr, 
56 Republic Production Co. | No. 1 Callahan 3 uDOO 1 Sy carer choise Srna tel wiey Woodocre 
57 Republic Production Co. | No. 2 West SOR a liteenteiene Swiemgenim — Wlsoakoors 
58 Republic Production Co. | No. 3 West Br OOO. varenee oie ciate Site COOM baal ieveiere 
59 Republic Production Co. | No. 4 West Te OO) Vdats mune eer Sat PHOS Dbre Ntccnee rca 
60 Republic Production Co. | No. 5 West GOBS || waryerss syste Sepepanae, [lh aeeepirc 
61 Republic Production Co. | No. 6 West iowa Bee Aa A Slab Tatts ilpreclennecs 
62 Republic Production Co. | No. 7 West 2 RTS Sal |lnravavaratavere oval | weeyorecexeisiatavaye tates til rere ns TSF 
63 Taylor Oil Co. No. 1 Blakeley PIN & Aoked I aciaontrcreNS all CORN: OP ciel (RE enS 
64 Gulf Production Co. No. 5-C Blakeley 3,038 CYoroe il anal Siriaas 
65 Gulf Production Co. No. 5 Luscher 4,009 | 7-12-22 | I,500 68 





* The symbols in this column have respectively the following meanings: S=show of oil, SW =salt 
water, P=pumped. If the initial production is given without the P, the well came in flowing. 
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TABLE Il—Continued 














Map out 
Company Farm ept 
No. (Feet) 
66 Gulf Production Co. No. 2 West-Shenck 3,914 
67 The Texas Co. No. 7 Robinson 4,593 
68 Amerada Petroleum Co. | No. 1 West-Shenck 3,505 
69 The Texas Co. No. 3 Robinson 639 
70 | Adams Oil & Dev. Co. No. 1 Adams 1,444 
71 West Production Co. No. 1 Luscher 
72 Adams Oil & Dev. Co. No. 2 Adams 
73 Baker Oil Co. No. 1 Bentley 
74 Humble Oil & Rfg. Co. | No. 2 West 
75 Jones, McClanahan No. 2 Texas Co. 
76 Kirby Petroleum Co. No. 1 Bashara 
77 Sinclair Oil Co. No. r West-Shenck 
78 Turnbow Petroleum Co. | No. 1 Christian 
79 The Texas Co. No. 8 Robinson 
80 Blue Ridge Oil Co. No. 1 Blakeley 
81 Neil Esperson No. 2 Ewing 
82 Neil Esperson No. 1 Ewing 
83 Gulf Production Co. No. 5-B Blakeley 
84 Gulf Production Co. No. 3 West-Shenck 
85 Kirby Petroleum Co. No. 2 Lee 
86 Sinclair Oil Co. No. 2 Davidson 
87 Sinclair Oil Co. No. 2 Bashara 
88 Sinclair Oil Co. No. 1 Lee-Smith 
89 | The Texas Co. No. 9 Robinson 
90 Gulf Production Co. No. 7-C Blakeley 
ha Gulf Production Co. No. 6-C Blakeley 
92 Gulf Production Co. No. 6 Luscher 
03 Gulf Production Co. No. 4 West-Shenck 


The Texas Co. 
05 Blue Ridge Prod. Co. 


06 The Texas Co. 
07 Mutual Oil Co. 
98 Oil Production Co. 


. to Robinson 
. t Robinson 
. I Blakeley 

. 1 Weems 


No. 1 Lee-Bashara 








Present 


Tnitial Pro- 
Production 


(Barrels)* 


Date 
Com- 
pleted 


duction 
(Barrels 


Daily) 


9-19-21 


S at 630 ft. 
S at 1,444 ft. 


S at 3,729 ft. 
250 
200 

2,000 

S at 3,413 ft. 


6-13-23 | 3,000 
Drilling canteens agate 
T=10—29"||R4 coow mm leans 











* The symbols in this column have respectively the following meanings: S=show of oil, SW =salt 
water, P=pumped. If the initial production is given without the P, the well came in flowing. 


present production. The index-map numbers are in general chrono- 
logical order with reference to the commencement of wells, but no 
attempt was made to get an exact chronological sequence. 


THE DAMON MOUND OIL FIELD, TEXAS 


GEORGE M. BEVIER 
Houston, Texas 


ABSTRACT 


Damon M ound is a conspicuous rounded elevation in northwestern Brazoria Coun- 
ty, Texas, 38 miles southwest of Houston. It is oval in shape, covers an area of 1,670 
acres and rises 83 feet above the surrounding prairie. This elevation is the result of an 
intrusive salt plug which has raised the surface above its normal position. 

The salt plug is composed of almost pure rock salt and is capped by deposits of 
gypsum, anhydrite, and limestone. Formations surrounding the salt plug are inclined 
at angles of about 45° away from the salt plug. Mineralized water and gas seepage in 
shallow water wells, sour dirt, sulphur, and lime rock on the surface are indications of 
the salt dome. 

Two hundred ninety-one wells were drilled prior to the year 1924, 85 producing oil, 
154 being dry, and the remainder being classed as sulphur tests. Total production for 
this period amounts to 5,008,870 bbls., all of which was obtained from an area of 280 
acres. There are two producing areas, one on the northeastern side, the other on the 
southwestern side of the dome. The major portion of oil was obtained from the south- 
western side. Production per acre averages 19,265 bbls. Average production of produc- 
ing wells is 58,927 bbls., and the average depth 2,416 feet. The oil is of asphaltic base 
with gravities averaging about 22.5° B. Production is obtained around the sides of the 
dome in sands and limes of Oligocene age. 


INTRODUCTION 


Damon Mound is located on the Abram Darst survey, in north- 
western Brazoria County, Texas, near the Fort Bend County line. It 
is 38 miles southwest of Houston, 9 miles south of Big Creek, and 
10 miles northwest of the West Columbia oil field. A branch of the 
G.H. & S. A. Railroad extends from Rosenberg to Damon City on 
the mound. Overland travel by automobile from Houston is satis- 
factory during dry weather, but roads occasionally become impass- 
able in rainy seasons. 


HISTORY 


Damon Mound was a famous camp site and stronghold of the Karanawa 
Indians. They recognized the advantages of this natural elevation and estab- 
lished a settlement on its upper portions. Numerous remains such as arrow- 
heads, pottery, stone implements, and burial grounds are evidence of this early 
settlement. On the western side of the mound the Indians found a bluish-black 
substance within and about a crater-like formation. It was unlike the surround- 
ing soil, possessed a sour, acid taste, and was always moist. By drinking water 
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which collected in this substance, the Indians discovered that it possessed cura- 
tive properties. The renown of this “medicine” spread far and wide, attracting 
others from districts as far as the present state of Oklahoma. The substance 
referred to is commonly known as “sour dirt,” and is an indication of salt-dome 
formation. It is now being developed and.sold as a medicine. 

In 1831, Samuel Damon, Sr., located and established a blacksmith-shop at 
Damon Mound. While in search for building material, he discovered an outcrop 
of limestone on the eastern slope of the hill. A quarry was established, and for 
many years this material was used for building purposes, some of it being 
shipped by rail to Houston. Water invaded the quarry, and it has been idle for 
many years. The stone is described as a warty, cavernous limestone, and is 
probably a portion of the cap rock which has reached the surface. 

During the growth and development of the community now known as 
Damon City, numerous shallow wells were sunk in search of domestic water. 
Much of this water is mineralized, and no two wells appear to contain water of 
the same composition. Water in a 4o-foot well near the hotel is saline, while 
wells on the southwestern portion of the dome are generally fresh. A 206-foot 
well drilled by Mr. Mulcahy, south of the central part of the dome, produces 
strongly sulphuretted water containing little or no salt. A small amount of in- 
flammable gas rises within a few wells on the mound, but the majority contain 
no gas. 

Crystals of pure sulphur are exposed along the sides of gulleys on the north- 
ern portion of the hill. They occur in isolated patches or spots, some of the 
crystals being an inch or more in length. Several such deposits were found on 
the Wallace, Mays, and Wisdom properties. The sulphur is of secondary origin 
and has been deposited within crevices and porous formations by ascending 
vapors or solutions. 

Sour dirt occurs on the western side of the hill within a 6-acre tract owned 
by the Vitalitas Company. The deposit is irregular in shape and largely con- 
fined to an area of about 1 acre. The material is bluish black in color, but — 
weathers to a pale yellowish brown on exposure. It is largely composed of sili- 
ceous material containing quantities of iron pyrite and marcasite. The whole is 
impregnated with soluble sulphates and chlorides of iron, aluminum, magne- 
sium, sodium, and calcium, together with a small amount of free sulphuric acid. 
The deposit is of secondary origin and was probably formed by the reaction of 
escaping sulphurous gases with water and material of adjacent formations. It is 
reported that tests of the sour dirt indicate a small amount of radioactive mate- 
rial; however, a sample submitted by the writer to the Radium Chemical Com- 
pany of Pittsburgh contained no radioactive elements. A chemical analysis of 
the raw material, made by Dr. E. H. S. Bailey, of the University of Kansas, 
shows the composition given in Table I. Dr. P. S. Tilson, of the Houston Lab- 


oratories, gives an analysis based on roo per cent of the water-soluble material, 
as shown in Table IT. 
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INDICATIONS OF SALT-DOME STRUCTURE 


Indications of salt-dome structure are numerous and easy to identify at 
Damon Mound. The most impressive is the high, rounded elevation, which is 
plainly visible for a distance of 5 or 6 miles. The occurrence of inflammable gas 
and highly mineralized water in shallow wells, sour dirt, crystallized sulphur, 
and lime rock on the surface are all regarded as companions of salt-dome forma- 
tion. Many of these indications were recognized and believed to be associates of 
salt and oil deposits prior to the discovery of oil in Gulf Coast territory; however, 
little was known about the nature of salt-dome structure, and it required a well 
such as the famous Lucas gusher of Spindletop to direct the attention of oper- 
ators to Damon Mound. 


TABLE I 
Per Cent 
Silicawere wee aec nee 59-33 
Berricioxide wee acne 22.40 
Sulphuric anhydrid............. 3-07 
Sulphuriceaeteyeerenteeeeeer 16.13 
Waters wcast rh mer: trek sprees 1.85 
TABLE II 
Per Cent 
trongsulphates RESO, 7E Omeeryaa crecton rience cine 40.003 
Aluminum sulphate,—Al,—3(4SO,)—16H.O ......... 37.856 
Sodium-alum, 2(SO2)—12(H2O).........-2222200000. 7.246 
Calciumichlorides (CaCl) —OH Opener seme: conse . 736 
Calcium; sulphate, CasO;—7HLON, 0.5.45 nee one ans 1.985 
Magnesium chloride, MgCl,—6H2O................. 1.651 
Magnesium sulphate, MgSO,—7H.O............:... 3.140 
Soatuamycalorid esa Clisnwwwermcctrstsrsse rst Me iniar aoteretets 2.327 
Sodium sulphate, 4(Na2zO)—10H.O............-.-.4. 5.056 
DEVELOPMENT 


Mr. J. M. Guffey, prominent in the early development of salt-dome oil 
fields, was the first to acquire leases at Damon Mound. His initial test, known 
as the Herndon well, is located on Mulcahy Avenue, Block 3, of the Damon 
High School addition. The well was completed late in the year rgor at a depth 
of 1,160 feet. Rock salt was entered at 587 feet and continued to the bottom. 
No showings of oil or gas are reported, but this test clearly demonstrated the 
presence of a salt dome. Two additional wells were drilled by Mr. Guffey at the 
base of the dome, one on the northern side, the other on the northwestern side. 
No showings of oil or gas are reported from either well, and it is said that the 
drills penetrated a series of unconsolidated sands, shales, and clays. A total of 
five wells were drilled in four years without obtaining a favorable show of oil or 
gas. Owing to the activity of other fields, Damon Mound was neglected from 


1905 to 1914. 
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Early in the year rors, Mr. H. T. Staiti and associates organized the Texas 
Exploration Company, acquiring leases and mineral rights covering a greater 
portion of the mound. Their initial test, Wisdom No. 1, was located by Mr. E. 
F. Simms on Block 6 of the Wisdom subdivision, near the western base of the 
hill. A depth of 2,953 feet was reached after passing through 940 feet of rock 
salt. During the progress of drilling, a particularly favorable showing of oil and 
gas appeared in a sandy formation at 650 feet. Before abandoning the location, 
it was decided to test this horizon. The well came in November 15, 1915, and 
ran wild for a time, making about 5,000,000 cubic feet of gas and roo barrels of 
oil per day. The countryside was covered with oil spray carried by a strong 
wind for a distance of more than 2,500 feet. After some difficulty the flow was 
controlled and, owing to insufficient storage, was shut in. It later sanded, and 
the hole was finally junked in an effort to revive production. The oil has a grav- 
ity of 35° Baumé, several hundred barrels of which were collected and used for 
fuel in drilling other wells. This is the first well to produce oil at Damon Mound, 
and although not a commercial success, it served to demonstrate the presence of 
oil and attracted the attention of other operators to this field. 

Fifteen wells were drilled in rors, all of which are reported as failures. Most 
of these tests are located on top of the hill, the majority being abandoned in salt 
or gypsum at shallow depths. While drilling on the Wallace and Mays tracts, 
crystals of sulphur were noted coming up with the returns, and during the fol- 
lowing year prospective work was started in an attempt to outline and deter- 
mine the thickness of these deposits. 

The year 1917 was a period of intense activity, seventy-seven wells being 
drilled, of which ten produced oil, forty-three were dry, and the remainder com- 
pleted as sulphur tests. Production increased to 69,000 barrels during the month 
of April, declined rapidly, and again increased to 74,700 barrels in August. The 
major portion of this increase is due to the completion of two wells, Bryan No. 1 
and Bryan No. 3, by the Texas Exploration Company. 

Bryan No. 3 is not only the first successful well, but the best well ever ob- 
tained at Damon Mound; it came in April 5, 1917, making dry gas, and ran 
wild for twelve days. Oil then appeared and increased in quantity to about 400 
barrels per day, when it sanded. The well was later cleaned and started flowing 
at the rate of 7,500 barrels per day. Thirty-nine feet of hard, porous, calcareous 
rock, showing considerable oil and gas, were penetrated from 1,410 to 1,440 feet. 
No screen was set in this well, and top water was excluded by setting 44-inch 
pipe on top of the rock. The oil has a gravity of 24° Baumé with an initial tem- 
perature of 90° F. 

No. 1 T. H. Bryan was completed June 30, 1917. This well, like Bryan 
No. 3, came in making dry gas and about 4oo barrels of oil. Production, how- 
ever, increased rapidly, and within a short time was flowing pipe-line oil at the 
rate of 3,500 barrels per day. Sixty-one feet of 3-inch screen was set at 3,473 feet 
in sand and shale containing a rich oil show. The oil has a gravity of 20° Baumé 
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and initial temperature of 90° F. Three additional producers completed by the 
Texas Exploration Company within the year, together with five completions by 
other operators, gave an additional 2,600 barrels initial production, all of which 
came from depths of approximately 1,500 feet. 

During the latter part of 1917 the Texas Exploration Company transferred 
all of their holdings, excepting sulphur rights, to the Sinclair Oil and Gas Com- 
pany. The Sinclair organization assumed immediate control and started an 
active campaign for the development of oil and gas deposits. The Texas Explora- 
tion Company remained in the field finishing wells already started and continu- 
ing prospective work for sulphur deposits. 

Eighty-five wells were completed during the years 1918-19, of which twenty 
produced oil, fifty-one were dry, and the remainder drilled as sulphur tests. The 
Texas Exploration Company’s No. 1 Radmohr is the best well of this period. 
It was completed as a 350-barrel producer at 2,527 feet, but made large quanti- 
ties of water with the oil. The twenty producing wells gave a combined initial 
production of 2,269 barrels, most of which came from depths around 1,500 feet. 
Production declined rapidly, then remained fairly constant at an average of 
22,500 barrels per month from January 1, 1918, to May 1, 1920. 

The year 1920 is perhaps the most important in the history of Damon 
Mound development. Nineteen wells were completed, ten of which produced 
oil, adding a total of 15,560 barrels initial daily production to the field. Produc- 
tion increased rapidly to a maximum of 150,375 barrels during the month of 
December, which is the greatest production recorded in the history of the field. 
Three wells of the gusher type were completed by the Sinclair Oil and Gas Com- 
pany, Bryan Nos. 15 and 16 and Masterson No. 10. The Humble Oil and Re- 
fining Company also secured a good well in their No. 2 Gallaher. All of these 
wells are located on the southwestern flank of the dome. 

Bryan No. 15 came in during the latter part of April with an initial flow of 
2,500 barrels per day. After cleaning itself, the flow increased to 4,000 barrels, 
making pipe-line oil containing 0.1 per cent water and basic sediment. The grav- 
ity of the oil was 23° Baumé with an initial temperature of 80° F. One hundred 
and forty-two feet of 4-inch screen was set on bottom at 3,103 feet, including a 
series of sands and shales with some gumbo and bowlders. Shows of oil were 
recorded at intervals, with 15 feet of very rich sand at 3,088 to 3,103 feet. 

The Humble Oil and Refining Company obtained a 1,000-barrel well in 
No. 2 Gallaher at 3,213 feet. Three joints of 80-mesh screen was set on bottom. 
including go feet o1 sandy shale containing an occasional oily horizon. The well 
came in September 16, producing 23° gravity oil containing 0.2 per cent basic 
sediment and water. 

The Sinclair Oil and Gas Company’s No. 16 Bryan is generally recognized 
as the second largest well of the field. It was completed September 24, with an 
initial flow estimated at 5,000 to 6,000 barrels per day. The oil has a gravity of 
21° Baumé with initial temperature of 94° F. and contains 0.05 per cent water 


618 GEORGE M. BEVIER 


and basic sediment. One hundred and thirty-six feet of r0-gauge, 4-inch strainer 
was set on bottom at 2,774 feet. The formations included in this setting are 
largely composed of alternating sands, shales, and gumbo, containing an occa- 
sional show of oil and gas. A hard, sandy rock at 2,693 to 2,712 feet is the princi- 
pal producing horizon. 

Masterson No. ro was drilled to 3,256 feet and completed December 3, with 
an initial flow of 5,000 barrels per day. Production is obtained from sandy hori- 
zons containing some shale, at 3,133 to 3,152 feet and at 3,185 to 3,205 feet. The 
oil is of 21° gravity with an initial temperature of go° F. 

Eight producing wells and thirteen dry holes were drilled during the year 
1921, the largest well of this group being the Sinclair Oil and Gas Company’s 
No. 18 Bryan, which was completed as a 1,200-barrel producer at 3,213 feet. 
A very interesting test, known as R Damon No. 1, was made by the Hyde 
Production Company on the southern edge of the field. While drilling at a depth 
of 2,670 feet, the well blew out and ran wild from October 2 to 6, producing 
large quantities of gas and salt water. The derrick and toolhouse were wrecked 
before the flow sanded. Drilling operations were resumed and the well side- 
tracked to 3,255 feet in heaving shale. It was then decided to shoot the well and 
test a sandy horizon showing oil and gas at 3,170 feet. This shot resulted in a 
second blowout more severe than the first. The derrick and immediate equip- 
ment were lost, and the blow lasted for eleven days, throwing out large quanti- 
ties of gas, salt water, sand, and shale. The well sanded up December 31, 1921, 
but was completely ruined. 

An increase in activity during the year 1922 failed to increase materially the 
production over that of the previous period, and although a high percentage of 
wells obtained production, yet it was very evident that the heavy drain upon 
the producing horizon had decreased the pressure to a point where gusher wells 
could no longer be expected from further drilling in the old field. An attempt to 
find new sources of supply by deeper drilling resulted in the majority of wells 
being abandoned in heaving shale. Other portions of the field to the east and 
south were tested without obtaining any producer of importance. 

During the summer of 1922 the Union Sulphur Company entered the field 
primarily in search of new sulphur deposits. An option or agreement with the 
Texas Exploration Company permitted the sulphur company to proceed with a 
series of test wells. Their first well, located on Block No. 11 of the Wisdom 
subdivision, was completed October 8, at a depth of 347 feet. 

The operations of 1923 were largely a continuation of prospective work in an 
effort to locate a new pool on the eastern and southern sides of the field. All 
wells on the southern side of the dome entered heaving shale, and such oil sands 
as were found did not yield more than 10 to rs barrels of initial production when 
tested. Those on the eastern side encountered exceedingly steep dips, and al- 
though slightly better results were obtained, the wells were of short life and did 
not justify the expenditure. The Union Sulphur Company completed a series 
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of nine wells, established a battery of steam boilers, and made an experimental 
steam test in an effort to determine the commercial value of sulphur deposits at 
Damon Mound. The result of this test was evidently unsatisfactory, for the 
Union Sulphur Company abandoned further work and withdrew from the field. 

The present (December, 1924) daily production of Damon Mound totals 
1,325 barrels, all of which is obtained from fifty-three wells; fifty-one are on the 
southwestern side and two on the northeastern side. All wells are pumped, and 
about 32 per cent of the fluid obtained is water. Production has reached a set- 
tled stage and is slowly declining. 

Development to date has resulted in the discovery of two producing areas 
located, respectively, on the southwestern and northeastern flanks of the dome. 
The major portion of oil was produced on the southwestern side, the north- 
eastern side giving wells of low initial production and short life. The combined 
area of the two fields covers about 260 acres and yielded 5,008,870 barrels of oil 
prior to the year 1924. 

A total of 291 wells were drilled at Damon Mound, 85 of which produced oil 
154 were non-productive, and the remaining 52 completed as sulphur tests. 
Since these sulphur tests are shallow and were drilled solely for the purpose of 
exploring sulphur deposits, we can separate this work from that of wells drilled 
for oil. 

A summary of the statistics of Damon Mound oil wells shows that the aver- 
age well came in with an initial production of 466 barrels and produced a total 
of 58,927 barrels from a depth of 2,416 feet. See Table IIL. 


PHYSIOGRAPHY 


Damon Mound is located midway between Brazos and San 
Bernard rivers, both of which have cut deep channels in an almost 
featureless prairie. The surrounding country is typical of the Gulf 
coastal plain and slopes gently toward the Gulf at an average rate 
of 13 feet per mile. 

The mound is one of the most conspicuous topographic features 
of the Texas coastal plain, and can be observed from all directions 
for a distance of many miles. It rises 83 feet above the surrounding 
prairie to a maximum elevation of 140 feet, the high point being in 
blocks 13 and 14 of the Wisdom subdivision, 2,700 feet north of the 
center of the mound. The mound is oval in shape and covers an area 
of 1,670 acres. The major axis is 12,000 feet long and extends N. 
34° W., the minor axis being 8,250 feet at right angles. 

Radial drainage lines extend in all directions down the sides 
of the mound. Erosion has been active, and the surface is unevenly 
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eroded into little hills or hummocks. The present topography, 
while corresponding in outline with the core of the dome, has no ap- 
parent relationship to the detail of subsurface structure. (Fig. 1.) 
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GEOLOGY 


Surface exposures are largely composed of red, blue, brown, and 
yellow clays with some sand and a little shale. ‘The clays are calcare- 
ous and contain occasional limy concretions which weather out and 
collect in the bottom of drainage lines. The exposed formations are 
evidently a portion of the Beaumont clay, although some gravel was 
noted on the eastern side of the mound which has the appearance 
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of Lissie gravel. Surface formations are unconsolidated and appar- 
ently lie in a horizontal position, but do not display bedding-planes 
or other visible characteristics which could be used to determine the 
presence of structural deformation. 

Subsurface conditions show the presence of an intrusive salt 
core capped by deposits of gypsum, anhydrite, and limestone. Ad- 
jacent formations are inclined at a steep angle sloping in all direc- 
tions away from the salt. 


SALT CORE 


The upper extremity of the salt core is somewhat oval in outline, 
being essentially flat with rounded edges dipping to an unknown 
depth at an angle of about 83°. On the southwestern edge of the 
dome, immediately south of the oil field, there is an outlier of salt 
which extends beyond the generally symmetrical outline of the salt 
core. This outlier is probably an arm of salt which was squeezed 
out by unequal pressure. Core samples show that the salt plug is 
composed of almost pure rock salt containing waves and bands of 
darker material, indicating that flowage and adjustment has taken 
place under heavy pressure. 

Forty-five wells have entered rock salt, the majority being shal- 
low tests on top of the dome that only penetrated a few feet of this 
material. The greatest thickness of salt is shown in the Texas Ex- 
ploration Company’s No. 1 Wisdom from 1,000 to 1,953 feet. A sul- 
phur test, O-24A, drilled by the Texas Exploration Company on the 
northwestern side of the dome, 4,500 feet from the center of the 
mound, shows the highest portion of salt so far recorded by any 
test in this field. 


CAP ROCK 


Cap rock is a term generally applied to mineralized deposits 
adjacent to and above the salt plug. These deposits are largely com- 
posed of gypsum, anhydrite, and limestone, varying in thickness in 
the central area from 375 to 575 feet, but thinning at the outer edges 
of the dome to a few feet. They are extremely irregular and occur 
rather as lenses, pockets, and concretions, no two sections being 
alike. There is, however, a general arrangement in which the major 
portion of deposits occur, in the order of gypsum below, limestone 
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at the top, with anhydrite between the two. The cap rock is gener- 
ally porous and cavernous, containing variable amounts of sulphur, 
pyrite, calcite, and barite deposited in crystal form throughout the 
porous spaces. Some of the crystals have rounded edges, while 
others, particularly the calcite crystals, may be badly corroded, 
showing the effects of circulating underground waters. The upper 
portion of the cap rock is composed of hard limy material and is vir- 
tually a limestone, although inclusions of gypsum and anhydrite 
have been noted, together with an occasional thin parting of gumbo. 
Its thickness varies from-1o to 150 feet, but generally it does not 
occur as a solid mass. Well records show that the cap rock rises to 
within 68 feet of the surface, and it is believed that a portion of the 
cap rock may have extended to the surface on the eastern side of the 
mound, where limestone similar to cap rock was quarried and used 
for building purposes. 

The log of a sulphur test shown in Table IV gives a good descrip- 
tion of the cap rock. 


STRUCTURE OF SURROUNDING SEDIMENTS 


Eighteen hundred feet of structural displacement has been 
measured, and it is very probable that an additional amount can 
be proven by further deep drilling. Contour lines, as shown on 
Figure 2, represent the base of a limestone bed within the Heter- 
ostegina zone of the Oligocene formation. It furnishes an excellent 
key horizon for correlation purposes, and has been identified at many 
points around the major portion of the dome. 

The sands within the producing area dip at an angle of about 
40°, while formations on the opposite side, to the northeast, dip at a 
steeper angle, averaging about 60°. Dips of 23° have been recorded 
on the south, while those to the north approximate 47°. 

Faulting.—Faulting is present, generally in the form of step 
faults extending along lines parallel to the circumference of the 
dome, the downthrow side being directionally away from the dome. 
Radial faulting has been noted, particularly in the southwestern 
flank, south of the old producing area. The presence of faulting can 
be identified, but owing to the extremely complicated structural 
conditions, in which radical changes occur within narrow limits, it is 
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TABLE IV 
TEXAS EXPLoRATION Company WELL No. R-24b 

wen Formation 

DONS See ROISOOEING, Caer HPO Sand 

elon co CED LORE deve aoe Yellow clay 

OF ncetarn ce na nnn me Yellow clay, gravel, and blue gumbo 

OS Si eerie ee es or pai Sek eye oe Limerock 

SO eee ee serch denote ae Gypsum and limerock, lost returns at 72 feet 

SoU eat ce tael nas eee EC RG Rea Limerock, losing returns 

SOM Mase tuehi S ieeyaco nein: Sandy gypsum 

TOT em eine tee cee ee Limerock, lost returns 

LOO meanest eae eile hones Limerock and gypsum 

LIAS vet ey PR EES BOI ao Limerock 

TRB MG elces sa pese meaner Spee ete ee otaveai i Lime and pyrite 

U7 [O)S od eC en RE eee Limerock, trace of sulphur 

LAU seteas acho oe Phe fos eetvete Blue gumbo 

PN ae, SIS cleans OEE gery Aine Limerock 

Teen. A ato eae cee Blue gumbo 

Sieg att mao Pos Sa CO te Limerock 

Sea ca ates cacy AERC aR ere ac Shale and gypsum, trace of sulphur 

WO memo Prcjotn ner fesgreci ata Nasonals Limerock, trace of sulphur 

TOS Mec re eae Limerock and pyrites 

DOO Wee eee nme Broken limerock 

ZOO Meee narane tare Jers vevarere ale Limerock and pyrites 

DDO Vs cos oe ae Limerock and pyrites, trace of sulphur 

DSM cece aReslavel oes >: x)ae erence Broken gypsum 

LULU 5 pe Rear eree ROEeO Gypsum, very good showing of sulphur 

DAMS yates Nee eh BS gtesy pis ise fore he Gypsum, 3 per cent of sulphur 

DOOM Mae aneetnis ereeek ons hesoustore teats Gypsum and anhydrite, 5 per cent sulphur 
BOG cmiscintircears pity dears: Gypsum and anhydrite, 10 per cent sulphur 
TE CP a ce SRO RiGee OOO Gypsum and anhydrite, 20 per cent sulphur 
Osa RRR Mer on AAG ch RC AKC Gypsum and anhydrite, 15 per cent sulphur 
DIS e Ra Ae, oO RSCG Ce Gypsum and anhydrite, 15 per cent sulphur 
Di Gilee seo Sais Pon Oo Hoar Gypsum and anhydrite, 15 per cent sulphur 
DOT heroxverreterste Meare piste easter eats Gypsum and anhydrite, 3 per cent sulphur 
okt er aire Hon eee GEO OOO Gypsum and anhydrite, 2 per cent sulphur 
BLO ondale Math stabe ee Haar cae te Seok Gypsum, anhydrite, and good showing of sulphur 
fA ie ans ee ete ial Wiel sp sete awe Gypsum and sulphur, 1 foot will run 15 per cent 

and the rest a good trace 

PAS ati eiteeiest sy) siaseiehasle Gypsum with good showing of sulphur 

Byres Uae sey cre ota Te ENO orc Gypsum with trace of sulphur 

PA acing 2 erin eagt anne acess ...Gypsum and sulphur showing 


RS aid aie ante giMelem na ese Gypsum and sulphur 5 per cent 


634 GEORGE M. BEVIER 


TABLE IV—Continued 


pen Formation 

BOG Wake wedge ane ete Mem eee Gypsum and sulphur showing 

BOL cay tae ee taiceqe er veneetone Vetere Gypsum and sulphur 2 per cent 

AOS Sard. teeters eeeh seaecutimeay eueevotets Gypsum and trace of sulphur 

ARR Es Ah eraconNersrae eras Ne atte Smooth gypsum and trace of sulphur 
AOS sR leraet us aie amcan ewer i orate Smooth gypsum 

47 O ag Sone No haere seen Compact gypsum 

Fi Roy tae eee REI Re ee Ors Gypsum some transparent 

Lyla Mein Geral Con oie com Pre oe Compact gypsum 

Ise ee NCPR a OHNE Or SONG Cavity 

Grea Ge porome nm a oera ae no Gypsum, 50 per cent sulphur, loose formation 
AO MA cca: Sos ae ee ener Sidetracked after twisted off 

RAGE Paneer iets cu non Reet Loose formation, sulphur 

isi ler nna Ner et rey ARTE FTA cr 4 Cavity 

tte Rate nt orreeet a8 Ch CO Cursor ONS Gypsum, 50 per cent sulphur 

iG Dil ce banccits eastetia ore kay Memaedt en: Salt 


difficult to define any particular fault or zone of faulting with accu- 
racy. Crushed and shattered zones are present usually at the point 
of contact between the salt plug and surrounding sediments, indi- 
cating that considerable movement has taken place under heavy 
pressure. Wells in this zone are extremely variable, difficult to drill, 
and usually unproductive. 

Faulting at Damon Mound is the result of displacement, induced 
by an upthrust from below. The force is believed to have been 
applied gradually over an extended period of time, creating faults at 
a comparatively slow rate, and not as sudden movement or slippage. 
Core samples from the faulted zone do not indicate the effect of heat 
such as would be expected were the fault created by sudden move- 
ment. 

Heaving shale:—Heaving shale is a term applied to shaly mate- 
rial which rises or heaves within a drilling well. It occurs at many 
points adjacent to and surrounding the dome, but occasionally rises 
within faulted areas or paths of least resistance above its normal 
position. The shale is black to dark gray in color and usually be- 
longs to the Jackson formation; however, some instances have been 
noted where shales of Oligocene age heaved in-a similar manner, and 
it is believed that any material of shaly nature, regardless of age, 
will heave when subjected to heavy pressure. 
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STRATIGRAPHY 


Lateral beds surrounding the dome are divided, for convenience 
of description, into the Jackson, Oligocene, Fleming, and overlying 
sediments. 

Jackson.—Deposits of Jackson age are largely composed of dark- 
colored shales and clays with an occasional sandy member. The 
shales heave badly within a drilling well, and for this reason are 
frequently referred to as “heaving shale.” They are somewhat car- 
bonaceous and contain an occasional show of oil and gas, but do not 
produce in commercial quantities at Damon Mound. The top of 
the Jackson dips away from the dome at an angle of about 45°. In 
the Sinclair Oil and Gas Company’s Becker No. 7, 559 feet of Jack- 
son material is recorded, this figure representing about 410 feet of 
actual Jackson formation. 

Oligocene.—The Oligocene is divided into three portions, de- 
scribed in the order of their deposition, as the Marginulina, Heter- 
ostegina, and Discorbis zones. They represent the Middle and Lower 
Oligocene, the Upper Oligocene being absent or eroded before the 
deposition of Fleming sediments. These deposits consist largely of 
limestones, shales, sands, and clays, representing a thickness of 560 
feet near the dome and 750 feet at the outer edges of the field. The 
base of the Oligocene dips at an angle of about 45°. The Oligocene 
supplies the major portion of oil produced at Damon Mound. The 
Heterostegina and Marginulina zones are particularly rich in petro- 
leum deposits. 

Fleming —The Fleming formation rests unconformably upon 
the Oligocene. It embraces the Miocene and a portion of the Plio- 
cene formations, and is composed of calcareous clays with concre- 
tions, sands, and shales. The thickness varies from 1,000 feet near 
the dome to 1,750 feet at the outer edges of the field. The base of 
the Fleming slopes away from the salt plug at an angle of about 40°. 
Shows of oil and gas occur within its lower portions, and some oil 
was produced from this horizon on the southwestern side of the 
dome. 

Overlying sediments.—Sediments overlying the Fleming and ex- 
tending to the surface are of Pleistocene and Pliocene age. They con- 
sist in part of fluvatile and shallow-water deposits, comprising a 
series of sands, gravels, and clays containing an occasional log or bit 
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of buried driftwood. These deposits are lenticular and extremely 
variable as to character. The thickness averages about 1,400 feet, 
and the base of the formation dips at an angle of about 15°. 


GEOLOGIC HISTORY 


The maximum structural displacement occurred at or about the 
transitional period between the Pliocene-Miocene deposition, and 
continued with decreasing intensity to the time of Beaumont City 
deposition. Evidence of movement is indicated during Miocene 
times and possibly at an earlier period. A small amount of readjust- 
ment is believed to be taking place at the present time, for the reason 
that in 1921 a group of five wells on the Masterson tract suddenly 
quit producing on account of collapsed casing. No observations 
have been made to establish the possibility of present-day growth. 


ORIGIN OF THE DOME 


Damon Mound, although differing in some of its details, is never- 
theless a typical salt dome similar to many others of its type. It 
was formed at about the same time and displays many of the char- 
acteristics common to other salt domes of the Gulf Coast district. 
Its origin is a subject upon which we may draw certain conclusions 
from conditions believed to exist at great depths. Several theories 
have been advanced, and since the writer has not observed any 
conclusive evidence which would add to our present knowledge of 
salt-dome origin, he therefore refers the reader to discussions already 
published by students of this subject. 


ORIGIN OF THE CAP ROCK 


The Damon Mound salt dome penetrates intrusively the sur- 
rounding formations. These formations have been cut or broken, 
permitting an intimate association of included waters with the salt 
plug. The water is under a static head, subject to minor movements 
of the dome, and has no doubt dissolved and redistributed a portion 
of the soluble material according to locally varying conditions and 
the laws of solubility. In view of the above, it is believed that the 
mineralized material, such as gypsum, anhydrite, cap rock, sulphur, 
etc., above the salt is derived from solutions as a precipitate deposi- 
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tion or replacement, and that the character and extent of this mate- 
rial is governed by local conditions and subsequent movements of 
the dome. The presence of faulting within the cap rock indicates 
that movement must have taken place after the cap rock was formed. 


OIL DEPOSITS 


The productive area at Damon Mound is distributed as shown on 
Plate ro, and represents about 15.5 per cent of the total area of the 
mound. The oil is believed to originate within bituminous shales of 
the Jackson, Oligocene, and Miocene formations, and to have later 
migrated into adjacent sandy horizons. The majority of the so- 
- called oil sands are really admixtures of sand, shale, and clay, divided 
by partings of clay. They are lenticular, extremely variable as to 
character, and frequently change within narrow limits. Faulting 
is believed to play an important réle in the accumulation of oil, and 
probably serves as an effectual barrier, retaining the oil on the down- 
throw side. 

The character of oil varies according to location. Heavy oil of 
asphaltic base and a consistency almost like that of tar is reported 
to occur in the upper portions of the cap rock and in sands adjacent 
to the cap rock. Oil of 35° Baumé was produced from a depth of 650 
feet in the Texas Exploration Company’s No. 1 Wisdom on the 
western side of the mound. The Sinclair Oil and Gas Company 
obtained several hundred barrels of 34.5° Baumé oil, containing both 
paraffin and asphalt, at 3,334 feet in their No. 20 Jackson, 2,500 
feet south of the Wisdom well. 

Variations of gravity in the old producing area, on the south- 
western side of the dome, range from 19° Baumé in the Texas Ex- 
ploration Company’s No. 1 Gierson at 1,525 feet, to 25° Baumé in 
the Sinclair Oil and Gas Company’s No. 1 Ptak at 4,625 feet. 


ANALYSIS OF OIL 


Table V gives an analysis of oil obtained from the Sinclair Oil 
and Gas Company’s No. 15 Bryan, which is representative of the 
oil produced at Damon Mound. 

A test of mixed.oil from several wells on the southwestern side 
of the field gives the analysis shown in Table VI. 
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PRODUCTION 


Production curves —The field-production curve, if we may call it 
a curve, is little more than an irregular group of sharp peaks and 








TABLE V 
Gravity iomsseak osc: 23.8° Baumé dobby NIN AAAI 006.0 ° 
Flash (Cleve)...-....-. 180 Basic sediment and water. o.1 per cent 
Fire ye ixcm are asec. 235 Sulphureryscrcrscrcettuterr: 0.103 
Viscosity at 100° C..... 94 Colors oy eeu. emnesmn Green 
DISTILLATION 
Per Cent Temperature F. | Gravity Baumé Per Cent Temperature F.|Gravity Baumé 

Starteep- ee BOD) © Ulvatencrnmrarenn.s Beceem es 590 23.9 

aan onos oe 440 36.8° BOue cgiciee ss 613 2308 
LOle seasiastavavers 468 31.6 OOmn nas eee 649 DP. (5 
DiSimeretossrevasts 487 20.7 OSiattae eects 657 220 
QO ma erayeial orate 504 29.6 FO gaan vd: 660 24.5 
D5 ee are ae eek 517 27.7 Dente ete G 665 AG? 
BOM tds erseere 530 20.5 BO etree srs 's i 676 25.3 
Bids om Senter 553 25.8 OS naan ter: 680 25 
GON eee wml 571 24.9 


Pour at end, 65° F. 


depressions, influenced by the performance of individual wells. How- 
ever, it tells us in graphic form the story of Damon Mound produc- 


TABLE VI 
GRAVITY hee ON Ie cre eae ee 21,8° Baumé 
Wash scynaes cis Sain eater ne 200 
Wiscosityea ten oom © serra ereretee 130 
POUTRAAa eR eee ° 
Basic sediment and water........ .5 per cent 
Ttalianttar test. .t1. canteen stone .6 per cent 
Colona.k carve titrate ates Green 

Refining Yields 

Per Cent 

INap thats xteih ie css, eae tee arc pen eon tee 2 
(SAS Oller si Gis RvveCare Ne ten caer eer 45 
Lubricating oil... anest« ire ieuutaesean etter peste 36 
Buel OW. costae eee. Oe EET 14 
ThOSS 253. wa tie be ee oe eee te 3 


tion by months, for a period of seven years ending December 31, 
1924. The crest of the curve was reached during the month of 
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December, 1920. From that time to the present, decline has been 
the rule. At the end of 1922, this decline amounted to 53 per cent; 
at the end of 1923, 64 per cent; and judging from the present rate 
of production, the decline of 1924 should closely approximate 73 per 
cent. 

The decline of initial production per well is correspondingly 
sharp, and the decrease of pressure within the producing horizon 
has reached a point where it is now necessary to pump all wells. No 
two wells produce alike, but the majority show high initial produc- 
t on with rapid decline, the curve flattening out into an irregular 
line of low gradient extending for a period of several years. The 
performance of an individual well is largely governed by the char- 
acter of the producing horizon, mechanical condition of the well, 
and the method of operation. Fine sand or sticky shale sometimes 
clogs the screen or causes a “‘sanded’’ condition which interferes with 
the natural flow of oil. Improper screen-settings, leaking casing- 
seats, split casing, and other mechanical defects also alter the per- 
formance of the well. The practice of controlling the rate of initial 
flow in large wells by means of chokers results in a decline curve 
which does not represent the true performance of the well under 
open-flow conditions. 

Figures 3, 4, and 5 show the monthly production of the Humble 
Oil and Refining Company’s Nos. 1 and 2 Bryan and No.2 Gallagher 

Drilling and production methods.—All wells are drilled by the 
rotary method, using a fish-tail or roller bit as the occasion demands. 
Casing is generally set in gumbo or rock immediately above the 
producing horizon, with from one to seven joints of screen according 
to the thickness and distribution of the producing sand. The gauge 
of screen is usually 80-mesh. The cost of drilling and completing a 
3,000-foot well, including all items of expense, approximates $25,000. 

The initial production of flowing wells is generally free from | 
water and emulsion, but the oil from all wells eventually requires 
dehydration. The Tret-o-lite system is used for this purpose. The 
dehydrated oil is transferred into storage tanks and later pumped 
through a pipe line to West Columbia, and into the main line of the 
Sinclair Pipe Line Company, which extends to the Sinclair Refinery 
at Sinco. 
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SULPHUR 


Sulphur deposits were discovered at Damon Mound in 1916, and 
since that time fifty-two wells have been drilled and a steaming test 
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made in the field to determine the value of these deposits. All wells 
were drilled with a rotary rig, using the core barrel at frequent inter- 
vals. In fact, all important sulphur-bearing horizons were cored 
throughout. 
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The areal distribution of the sulphur has been determined, and 
although traces occur at many points on the dome, the only deposit 
of importance is confined to an area of 120 acres on the northern 
portion of the mound. 

The sulphur occurs below the limestone and extends downward 
at intervals to within a few feet of the salt core. The principal sul- 
phur-bearing horizon lies about midway between the limestone and 
top of the salt. Sulphur is disseminated in crystal form throughout 
the porous spaces of gypsum and anhydrite deposits, as a secondary 
or replacement deposit. The crystals vary in size from small forms 
to several inches in length, and the sulphur is very pure. Several 
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theories have been advanced to explain the presence of sulphur 
deposits in dome material, and although nothing has been proven 
definitely, it is generally believed that they were formed from gyp- 
sum and anhydrite by a reducing medium such as petroleum or 
other hydrocarbon. The presence of heavy oil in and above the cap 
rock may indicate that such a reaction has taken place. 

The total thickness of sulphur is shown by contour lines on 
Figure 6. These lines express the combined sulphur content in feet 
as though it were present in one solid bed of pure sulphur. 


CONCLUSION 


In conclusion it may be added that the upper portion of the dome 
does not offer sufficient inducements to warrant further drilling for 
oil. This area is confined within the 1,000-foot contour on the salt 
and probably extends a little beyond its southern limits. Approxi- 
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mately one-third of all wells drilled at Damon Mound are located 
in this area. These tests are widely distributed and resulted in 
failures at every point. No productive horizons were found, and the 
underlying formations are extremely variable and apparently 
broken. 

If new sources of supply are to be found, we must look for them 
in untested areas around the periphery of the dome. The periphery 
has been fairly well tested with the exception of an area on the north 
and northwestern sides, extending around the dome for a distance of 
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Fic. 6.—Contours showing aggregate thickness of sulphur, Damon mound 


6,000 feet. It is possible that commercial production may be found 
within this area. However, steep dips are present at both ends, and 
they no doubt indicate that if oil is found, the productive area will be 
confined to a rather narrow strip surrounding the salt plug. Forty 
per cent of all wells drilled on the periphery of the Damon Mound 
salt dome obtained oil. Commercial production is not to be expected 
from available formations below the Oligocene. 
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THE STRATTON RIDGE SALT DOME, 
BRAZORIA COUNTY, TEXAS’ 


PAUL L. APPLIN 
Southern Pacific Company, Houston, Texas 


ABSTRACT 


The Stratton Ridge salt dome is a characteristic Gulf Coast salt dome. It has a low 
topographic mound. Salt and cap rock have been drilled into in many wells. The 
dome has been delineated roughly by deep wells on three sides. It is elongated in a 
northeast-southwest direction. The Oligocene and Miocene beds are sharply upthrust, 
do not extend over the top of the dome, and near the salt are overlain conformably by 
the Pliocene beds, all but the lower beds of which lie fairly flat across the top of the 
salt. The stratigraphic section (Recent to Vicksburg Oligocene) has been worked in 
considerable detail by microscopic study. Lists are given of the occurrence of the 
microscopic and megascopic fossils. Upthrust of the salt core took place during or 
just prior to the Lower Oligocene, but most of the deformation came between the 
Oligocene and Early Pliocene. Although many tests have been put down, only two 
small producers have been obtained, from around 4,300 feet. Commercial production 
has not been established, 


INTRODUCTION 


LOCATION 


The Stratton Ridge salt dome is in the west half of the Jared E. 
Groce five-League Grant, in the southern part of Brazoria County, 
Texas, about to miles south of Angleton, and 7 miles north of Free- 
port. Both of these towns are served by the Houston and Brazos 
Valley Railroad. The dome is about midway between Hoskins 
Mound on the north and Bryan Heights on the south, both in Brazo- 
ria County. 

HISTORY 

After the discovery of oil at Spindletop in roor, all similar struc- 
tures assumed interest and value as being indicative of potential oil 
fields. The existence of the topographic high now called Stratton 
Ridge was doubtless known for some time before active prospecting 
began there, but it was not until February, 1913, that drilling com- 


* Published by permission of Mr. E. T. Dumble, consulting geologist for the South- 
ern Pacific Company. 
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menced on this dome. The attention of J. Dannenbaum, of Houston, 
had been attracted to this area by the topography and the presence 
of gas in a water well near Stubblefield Lake. Between February and 
July, 1913, two wells were drilled by Mr. Dannenbaum on the Strat- 
ton farm near the top of the ridge. These two wells were abandoned 
or lost at 1,058 and 854 feet respectively. Neither produced oil nor 
penetrated the salt. They did, however, prove the presence of 
gypsum and anhydrite on this dome, which induced further explora- 
tion. Well No. 2 reported a-gas show at 8309 feet. These wells un- 
doubtedly would have encountered the salt had they been drilled 
to 1,300 feet. 

The next development at Stratton Ridge was in 1915-16, when 
Farish et al. drilled three wells, two on the Seaburn farm and one on 
the Tolar and Dannenbaum 517-acre tract. These were well down 
on the east side of the ridge, and though all were drilled to more than 
2,000 feet, none of them encountered salt. Seaburn No. 2 is reported 
to have had an oil show at 1,920 to 1,950 feet, and a gas show from 
2,115 to 2,150 feet. The total depth of this well was 2,758 feet, and 
was the deepest test of the three. 

Between August, 1917, and April, 1919, the Roxana Petroleum 
Corporation drilled four wells on the south end of the ridge. The first 
three finished in gypsum or anhydrite, and the fourth penetrated the 
salt at 1,334 feet. This was the first well drilled into salt at Stratton 
Ridge. 

Since the first part of 1919, the Freeport Sulphur Company has 
carried on an almost continuous drilling campaign on the northeast 
end of the ridge, with twelve wells on the Tolar and Dannenbaum 
tract and three on the Seaburn farm. Tolar and Dannenbaum No. 9, 
completed May 12, 1922, had good shows of oil and gas from 3,100 
to 4,300 feet, and the well flowed at a reported rate of 1,200 to 1,500 
barrels for about a week, when it sanded up, and though worked 
over for some time, never made a commercial well. Tolar and Dan- 
nenbaum No. 11 is one of the two producing wells at Stratton Ridge. 
It was completed in 1923 at a total depth of 4,386 feet, was put on 
the pump about November 1 of that year, and averages about 75 
barrels a week. . 
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The Humble Oil and Refining Company took an active interest 
in development at Stratton Ridge from June, 1919, to April, 1921, 
drilling six wells on the Seaburn land, on the south and east sides of 
the ridge. This company also drilled three dry wells on the west side 
of the ridge, two on the Brock and one on the Shea and Storrie 
tracts. 

About December, 1919, and February, 1920, the Texas Company 
drilled two dry holes a mile or two west of Stratton Ridge on their 
Cochran and McClure leases. About this time, also, the Castell Oil 
Company, drilling on the Storrie farm on top of the ridge, reported 
a strong gas blow-out at 750 feet. 

Between August 1 and November 16, 1922, the Empire Gas and 
Fuel Company drilled unsuccessfully to 4,671 feet in their Wilson 
No. 1 at the north end of the ridge. 

The Fairchild Petroleum Company (C. C. Cannan et al.) com- 
pleted their Boggs No. 1 at 4,575 feet as a dry hole at the north end 
of the ridge during the latter part of 1923. On March 7, 1924, Boggs 
No. 2 was completed at 4,287 feet and flowed about 1,500 to 2,000 
barrels of oil and some water for a few days. It is now pumping, but 
the amount of production is not known. A total of thirty-eight wells 
have been drilled at Stratton Ridge. Wells now drilling are the 
Freeport Sulphur Company’s No. 12, Tolar and Dannenbaum at the 
north end of the ridge, and the Associated Oil Company’s Perry No. 
1 at the south end of the ridge, near Chubb Lake. 


PHYSIOGRAPHY 


The Gulf Coastal Plain has been divided by some writers into two 
divisions. The upper or interior division ranges from 165 to 340 feet 
in elevation and slopes gently seaward at the rate of 1 or 2 feet per 
mile. Along the immediate coast and for several miles inland, the 
lower division shows an even gentler slope of less than 1 foot per 
mile seaward. 

Rising from this lower, featureless plain are several prominent 
mounds or dome-shaped hills of varying heights and dimensions, 
belonging to what is known as the Coastal Mound class of salt domes. 
Stratton Ridge is one of these. Others in the immediate vicinity are 
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West Columbia, Damon Mound, Hoskins Mound, and Bryan Mound 
in Brazoria County, and Big Hill in Matagorda County. 
The salt-dome mound known as Stratton Ridge (Fig. 1), on ac- 
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Fic. 1.—Topography of north end of Stratton Ridge Salt Dome. Contour 
interval, 2 feet; datum, sea-level. 





















count of its somewhat elongated form, is a poorly defined ridge with 
a flat top and relatively steep sides. A slight depression is noted on 
top and near the center of the ridge. The long axis of the ridge 
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trends about N. 30°E. This axis if extended would pass through 
Hoskins Mound 12 miles to the northeast and through Bryan 
Mound 12 miles to the southwest. The ridge is about 3.5 miles long 
from northeast to southwest, and about 2 miles wide across its 
shorter axis. It has a general elevation above sea-level of about 20 
feet, though at one or two points its summit reaches 25 feet. The 
country about the ridge is low, flat, and marshy. Oyster Creek flows 
in a meandering course across the south end of the ridge, and Big 
Slough cuts across the north end. 

A number of small, semicircular ponds or ‘‘ox-bows” such as 
Stubblefield Lake, Chubb Lake, and Barbara Lake are old meanders 
of Oyster Creek. These are all shallow ponds and are frequently dry 
in summer, 

The age of the salt-dome mound as we now see it is probably 
Pleistocene or Recent. 


SURFACE GEOLOGY 


The areal geology of the region as a whole is simple and needs only 
be briefly stated here. The surface formations are:’ (1) Recent mate- 
rial. A series of Recent sands, gravel, and river alluvium extends 
along the coast and up Brazos River and larger streams for varying 
distances and with different widths. On the coast the Recent mate- 
rials appear as a strip of marshy country about 6 miles wide extend- 
ing from Chocolate Bayou westward to and beyond Brazos River. 
This marshy strip of land envelops the three mounds of Hoskins, 
Stratton Ridge, and Bryan Heights. Big Hill, in Matagorda County, 
may also be included in this group. The immediate coast or shore- 
line is a mixture of sand with an occasional lens of clay. (2) Pleis- 
tocene. This series, generally known as the Beaumont clays, lies 
north of and in places apparently grades into the belt of marshy 
country occupied by the Recent material. The Beaumont clays ap- 
pear as a broad belt of black, brown, and dark blue clays with sand 
lenses and nests of calcareous nodules. This series forms heavy, dark- 
colored or black soil. The clays envelop the West Columbia and 
Damon Mound domes. 


* Data largely from private report by William Kennedy. 
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These are the surface formations with which the Stratton Ridge 
salt dome comes in contact. The underlying beds, or their inland 
equivalents, outcrop far to the north and west and will be treated in 
a later section of this paper. 


SUBSURFACE GEOLOGY 


General knowledge of underground conditions at Stratton Ridge 
has been gained from study of all available drillers’ logs and from 
paleontological data derived.from study of cuttings and cores secured 
from certain wells drilled by the Freeport Sulphur Company, the 
Roxana Petroleum Corporation, and the Humble Company. 

From its general structure and the presence of gypsum, anhydrite, 
and salt, Stratton Ridge may be classed as a true salt dome, but one 
of peculiar shape and extraordinary areal extent. 


THE SALT CORE 


In form, the salt core at Stratton Ridge appears to be long, nar- 
row, flat-topped, and rather steep-sided. The north and east sides of 
the salt core have been shown by drilling to be steep, but what the 
slope on the south and west may be is not definitely known. Nine 
wells have been drilled to the salt on this dome, six scattered over the 
top of the ridge and three on the northeast end. The six wells drilled 
on top of the ridge encountered the salt at a depth of slightly over 
1,300 feet, and the 1,300-foot contour drawn on the salt, as found in 
these six wells, outlines the top of the salt core fairly well (Figs. 1 
and 2), except at the extreme south end, where no wells have been 
drilled through the gypsum. The top of the salt core as now known 
has the shape of a long, narrow ellipse, with the long axis extending 
about 2 miles N. 55°E., roughly paralleling the coast-line at this 
point. The short axis of the salt core extends about { mile northwest 
and southeast. 

The relation of the top of the known salt core to the topographic 
ridge is shown in Figure 1, where the salt appears to lie somewhat 
down the northwest flank of the surface ridge. The relation of the 
salt core to the overlying gypsum and anhydrite cap is shown in 
Figure 2. 
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Fic. 2.—Contours on gypsum and anhydrite cap, Stratton Ridge salt dome. 
Contours based on elevation below sea-level. Contour interval, 300 feet. 
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The following wells have encountered salt, the first six near the 
top of the dome, the last three on the northeast end of the dome. 














Company Well Depth to Salt 
Feet 
Freeport Sulphur Company........ No. 1 Tolar and Dannenbaum 1,308 
Freeport Sulphur.Company........ No. 2 Tolar and Dannenbaum I, 316 
Freeport Sulphur Company........ No. 4 Tolar and Dannenbaum 1,319 
Roxana Petroleum Corporation... .. No. 4 Seaburn 1,334 
Humble Oil and Refining Company. .} No. 1 Brock Taya 
Castelleey are oners = See, pen ees | No. 1 Storrie 1,250-1,300 
Freeport Sulphur Company........ No. 10 Tolar and Dannenbaum 2,633 
Freeport Sulphur Company........ No. 1 Seaburn 4,765 
Freeport Sulphur Company........ No. 2 Seaburn 2,473 





The steep dip on the salt at the northeast end of the ridge is well 
shown by the records of the Freeport Sulphur Company’s Tolar and 
Dannenbaum Nos. 8 and ro (Fig. 5), the former being 150 feet north 
of the latter. Well No. 1o entered salt at 2,633 feet and continued 
to 3,255 feet, where the well was abandoned; No. 8 was drilled to 
3,142 feet and showed no salt at that depth. This indicates an 
essentially vertical side to the salt core between these two wells. 
Section C-C’ (Figs. 2 and 3) passes through the Freeport’s Tolar and 
Dannenbaum Nos. 4 and 10 and Seaburn No. 1 at the northeast end 
of the ridge. The difference in elevation on the salt between Tolar 
and Dannenbaum No. 4 and Seaburn No. 1, about 3,500 feet apart, 
amounts to 3,446 feet, indicating an average dip of about 45 degrees 
toward the northeast. ‘The dip between Tolar and Dannenbaum No. 
ro and Seaburn No. 1, however, is somewhat steeper than the dip 
between Tolar and Dannenbaum Nos. 4 and 10. Section B-B’ (Figs. 
2 and 3) passes through the Freeport’s Tolar and Dannenbaum No. 1 
and Farish’s Tolar and Dannenbaum No. 1 on the east side of the 
ridge. Freeport No. 1 showed salt at 1,308, while the Farish well, 
1,800 feet to the east, showed no dome material when abandoned at 
2,082 feet. 

An irregularity in the salt core is noted at the northeast end of 
the dome near the Freeport’s Seaburn No. 2. This well found the salt 
at 2,473 and drilled into it roo feet. The Seaburn well is 2,750 feet 
east of the Tolar and Dannenbaum No. 2, which encountered the salt 
at 1,316 feet, and is 2,150 feet south of the Seaburn No. 1, which en- 
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countered the salt at 4,765 feet. Farish’s No. 2 Seaburn, only 1,500 
feet south of the Freeport’s Seaburn No. 2, drilled to 2,758 feet, but 
did not encounter any salt, finishing in ‘“‘sandy gyp.” It is believed 
that the Freeport’s Seaburn No. 2 is located on a narrow steep-sided 
ridge of solid salt projecting from the main core and plunging east- 
ward. This plunging ridge or “nose” is reflected in the overlying 
gypsum cap and also to some extent in the surface topography. 

On the west and south sides of the ridge little work giving a clue 
to the structure of the salt has been done. The Humble’s Brock 
No. 1 and the Roxana’s Seaburn No. 4 encountered salt and are 
probably close to the edge of the flat top of the salt core. The Hum- 
ble’s Shea-Storrie No. 1 on the northwest side of the dome reached 
4,086 feet without finding salt or gypsum, and their Brock No. 2 was 
drilled to 2,904 and found no dome material at that depth. These 
wells seem to indicate a steep west side to the salt core, but definite 
information is lacking until further drilling is done here. The posi- 
tion of the salt on the south side is equally problematical. 


CAP 


Above the main salt core at Stratton Ridge is a gypsum and 
anhydrite cap of irregular thickness, like an inverted saucer in form,’ 
thickest toward the center and gradually thinning toward the edges. 
The wells along Section C—C' (Figs. 2 and 3) illustrate this condition. 
The Freeport Sulphur Company’s Tolar and Dannenbaum No. 1 
and the Castell Oil Company’s Storrie No. 1, drilled near the top of 
the ridge, both show about 400 feet of gypsum. The Humble’s No. 
t Brock, about 14 miles southwest of the Castell well, shows 169 feet 
of gypsum, and the Freeport’s Tolar and Dannenbaum No. 4, 3,500 
feet northeast of the Castell well, shows about 90 feet. Freeport’s 
Tolar and Dannenbaum No. 10, on the northeast flank of the salt, 
records only 16 feet of gypsum, and their Seaburn No. 1, farthest 
northeast, enters the salt at 4,765 without recording any gypsum 
at all. 

Sixteen wells at Stratton Ridge have drilled into gypsum and 
anhydrite. In some of the wells, especially those on the top of the 
ridge near the north end, the gypsum appears to be broken into two 

« Private report by William Kennedy. 
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or more beds separated by sand or lime. Jn other wells, especially 
at the south end of the ridge, the gypsum seems to be a solid bed or 
interstratified with thin layers of anhydrite. These conditions may 
be illustrated by the driller’s logs of some of the wells. 


The log of the Freeport Sulphur Company’s Tolar and Dannenbaum No. 1, 
near the crest of the ridge, shows the following conditions: 








Thickness Depth 
‘ Feet Feet 
Gy PSunh cee e nach ee Mere ee IOI I,OIr 
Sand cand Shalemwre via meee ee 5 1,016 
ACV DSU Ceiene oe oo aces See ee ce Io 1,026 
Sandurock a, serine cscs eee 20 1,046 
AS YP SUM Beas «a tsejelerete es ea sitte mee 6 1,052 
BOUIGETS: ia erent ee meee ek Io 1,062 
ROG Sronsehe ape icns eevee te 2D 1,084 
Gypsumt ee: oe eet eee 185 1,269 
SOT t 6 bce maces ie Ee ere eee et 6 T2715 
COV PSU Gree. toa eens ie eee ee ee 33 I, 308 
SOLE Seatac seco ve foie fave aeons ver evslsreis "ans te veare Wlatovelchctape eeereste [oleae corel e oreo a 





In No. 2 of the same company’s wells on this lease, 7 feet of lime occur in 
the middle of the gypsum bed. The log shows: 


Thickness Depth 
Feet Feet 
GY PSUs miee pe ea ee re cee 40 1252 
grins (eee ot Gait cen ce COON 7 I,259 
GY PSUR Aes ewes oot oe Meine 57 1,316 


Well No. 4, however, only 500 feet from No. 2, shows solid gypsum from 
1,238 to 1,319 feet, underlying a series of gumbos with some lime rock. Salt 
was encountered at 1,319 feet. 

Tolar and Dannenbaum No. 6 again shows the divided condition of the 


gypsum. The log is as follows: 








Thickness Depth 

Feet Feet 
Gumbo, shale, and lime........... 138 1,292 
IDFR te cles roe: CE Iy a ne ener 28 I, 320 
Coa Ler op igh Maun: BR ene 6 1,326 
Iie Wines. sire keto apace jester 12 1,338 








656 PAUL L,. APPLIN 


At the southern end of the ridge, the four wells drilled by the Roxana all 
encountered the gypsum, but only No. 4 drilled through it. Well No. 1 shows 
solid gypsum from 1,655 to 1,686 feet. In the No. 2, 3, and 4 wells the log shows 
the following conditions: 




















Roxana No. 2 Thickness Depth 
Feet Feet 
TANVO epee cise gs Oeteoae a er eaten 9 1,851 
Anhydrite and some lime.......... 3 1,854 
(CHpoe le sao negdadnnoncaceoegoee IOI 1,955 
Roxana No. 3 
Clay ces rat seteatetaccrrnaigs ay veins 37 2,490 
Ambhiydriteln /ccae caempixanre tesa cas 32 Ong 22 
Roxana No. 4 
Thinveyandigy psu erent 9 I ,003 
TN Vanigobuld Soe s ates A c.c nea Ome ase 17 1,020 
Gy pst hy wee ade mee seas 2093 feos 
Gy psumeand saltnmer se ere 2 1,334 


Rotkrsalt. 2c cic. ae ceo role oe ea ee ee Lae ee ee 


In the Humble’s Seaburn No. 5, at the south end of the ridge, the gypsum 
appears in the form of blue and white bands from 1,053 to 1,121. Lime and 
gypsum mixed also occur from 1,008 to 1,023. The log shows: 





Thickness Depth 

Feet Feet 
Iimetand oy psunien ee eer reer 15 1,023 
Sandirocke eaten tere een 12 I,035 
ROGk aa seta one ea eee 10 1,045 
Gypsurrandeshell tener eet 8 1,053 
SOMA Haya no oue pea snooo due hue 68 1,121 


An irregularity in the depth to the gypsum is found at the southeast end 
of the ridge (Sec. A-A’, Fig. 2). The Humble Company’s Seaburn B-2 encount- 
ered gypsum at 1,609 feet and continued in it for nearly 200 feet. This well is 
2,000 feet south of the Roxana’s No. 3, which found gypsum first at 2,490 feet. 


So far as it has been drilled into, the gypsum has been shown to 
be close-grained, hard, and compact, especially the thicker beds. The 
broken, cavernous conditions found in some of the domes, and the 
large flows of black sulphur water and hydrogen sulphide gas are 
absent. It may also be noted here that since sulphur is of secondary 
origin and due to the destruction of the gypsum, the prospects for 
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finding sulphur on this dome are poor.’ No definite limestone cap 
appears above the gypsum horizon on this dome, but for several 
hundred feet above the gypsum a series of interbedded limestones, 
sands, and gumbos is shown in many of the well logs. 


STRUCTURE OF SURROUNDING SEDIMENTS 

Information regarding the various formations penetrated by the 
drill on the Stratton Ridge salt dome has been acquired through 
microscopic study of well cuttings and cores, this work being done 
by the paleontological department of the Rio Bravo Oil Company. 
The data at hand are not sufficiently complete to permit making de- 
tailed sections of the formations, but the larger divisions may be 
recognized even though hard-and-fast lines cannot be drawn between 
them. This lack of definiteness is due mainly to three factors: (z) 
The well samples were in many cases cuttings rather than cores, 
especially in those earlier wells drilled before coring became com- 
mon; (2) complete sets of samples were seldom available from any 
given well; (3) further, the paleontological data show that conditions 
of deposition here were unique and different from those found at any 
other coastal dome from which material has been studied. The evi- 
dence points to a state of shallow marine submergence, with frequent 
incursions and withdrawals of the sea in the vicinity of this dome 
during Miocene and Pliocene time. This condition persisted through 
the Pleistocene and even into the Recent, and gave rise to a uni- 
formity of lithology and similarity of faunas which render the separa- 
tion of minor geological horizons difficult. However, the Pleistocene, 
Pliocene, Miocene, and Oligocene have been recognized definitely, 
and the approximate contacts between them have been determined 
The West Columbia dome is the only other known to us where this 
nearly continuous marine condition of the Miocene and Pliocene is 
even closely approximated. Other domes show evidence, usually, of 
only one or two marine incursions during the Miocene. Five and 
possibly more are found at Stratton Ridge. 

Cuttings and cores from the following wells have been the source of data 
on the nature of the underlying sediments: Roxana Petroleum Corporation’s 
Seaburn Nos. r, 2, 3, and 4, which give sections of the Pleistocene, Pliocene, and 
top of the Miocene; Freeport Sulphur Company’s Tolar and Dannenbaum Nos. 
9, 10, 11, and 12, and Seaburn Nos. 1, 2, and 3, all below 2,000 feet, give Miocene 


Private report by William Kennedy. 
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and Oligocene sections; Humble Company’s Brock Nos. 1 and 2, Shea-Storrie 
No. 1, Seaburn B-1 and No. 6 give sections of the Pliocene and Miocene; a few 
samples from the Castell Oil Company’s Storrie No. 1 give a section of part of 
the Pliocene. 

The information regarding the formations encountered in the above wells 
permits deductions as to the attitude of the beds surrounding the salt core. The 
facts resulting from this study are set forth below, and the interpretation of 
these facts is shown on the accompanying cross-sections in Figures 3 and 5. 

The contact between the Pliocene and Miocene beds is recognized in the 
Roxana’s Seaburn 1, 2, and 3 at the following depths: No. 1 at 1,469 feet, No. 2 
at 1,506 feet, No. 3 at 1,750 feet. No. 4 did not encounter any Miocene, and 
the lower part of the Pliocene is missing. In the Humble’s No. 1 Shea-Storrie, 
the Pliocene-Miocene contact is placed at about 1,800 feet, and in their Seaburn 
B-1, at about 1,540 feet. The Humble’s No. 2 Brock entered beds of Miocene 
age between 1,300 and 1,600 feet, but the contact cannot be placed closer, as no 
samples were taken in this interval. In Brock No. 1, the Miocene beds are first 
encountered at about 970 feet. 

In the Humble’s Seaburn No. 6, Miocene was first encountered at about 
1,500 feet. The Castell Oil Company’s Storrie well at the crest of the ridge found 
no Miocene sediments; in fact, the lowest part of the Pliocene seems to be missing. 

In studying the samples from the Roxana wells, it is found that three divi- 
sions may be made within the Pliocene, largely on the basis of lithology. These 
three divisions are shown on Section A—A‘ in Figure 3, and are more fully de- 
scribed in the paragraph on “‘Stratigraphy.” In the Castell Oil Company’s No. 1 
Storrie, on the crest of the ridge, from which only a few samples were available 
for study, it appears that probably only the upper zone is present. In the 
Roxana No. 4, on the west side of the ridge (not shown on section), the lowest 
zone of the Pliocene was not found. The well entered the gypsum cap at 1,003 
feet. The lithological divisions of the Pliocene recognized in the Roxana well 
samples were also observed in the Humble’s Seaburn B-1, and show about the 
same thickness as in the Roxana wells except that the lowest member is some- 
what thinned. In the Humble’s Brock No. 1, only the upper Pliocene is thought 
to be present and seems to overlie the upper Miocene at 970 feet. 

The upper Miocene and the lower Pliocene sediments apparently do not 
pass over the top of the dome, but lap up around the sides. The upper portion 
of the Pliocene passes over the top of the salt core. The Pliocene beds, in the 
vicinity of the Roxana wells at least, show comparatively little uplift, possibly 
about 200 feet. 

Nothing is known of the Miocene-Oligocene contact and the attitude of the 
lower formations save at the northeast end of the ridge. Samples studied from 
six of the wells in this group show definitely that they were drilled into the 
Oligocene. These wells are the Freeport Sulphur Company’s Tolar and Dannen- 
baum 9 and 11, Seaburn 1 and 3, and Cannan’s Boggs No. 1 and No. 2. It is 
also probable that the Empire’s Wilson No. 1, 4,671 feet in depth, penetrated 
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the Oligocene, but definite information is lacking. The location of these closely 
grouped wells is shown on the large-scale map in Figure 4. 

Within the Miocene, the three divisions designated upper, middle, and lower 
are recognized on the basis of foraminiferal and lithological changes. Three 
divisions are also recognized in the Oligocene. 

No samples were available for study from Tolar and Dannenbaum No. 8. 
In No. ro, the first samples received were from 1,235 feet and were in the upper 
zone of the Miocene. Middle Miocene beds were recognized from about 1,400 
to 1,850 feet, and the lower Miocene was found from 1,850 feet, the top of the 
cap at 2,617 feet. 

Consecutive samples were received from Tolar and Dannenbaum No. 9 
beginning at 3,000 feet and were found to be lower Miocene to 4,005 feet. 
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Fic. 4.—Map showing location of wells at northeast end of Stratton Ridge 


Oligocene continued to the bottom of the hole at 4,364 feet. The lowest Oligo- 
cene or Marginulina zone was identified at about 4,350 feet. The sand from 
which this well produced for a short time (4,344-4,364 feet) evidently belongs 
in the lowest Oligorene. 

In a few samples from Tolar and Dannenbaum No. 11 taken at about 3,500 
feet, lower Miocene Foraminifera were found. Samples from about 4,050 feet 
were well down in the Oligocene, and the lowest or Marginulina zone was recog- 
nized at 4,140 feet. Oligocene continued to 4,350 feet, where the well entered a 
non-fossiliferous zone of indeterminate age. The production from this well is 
obtained at 4,249-4,386 feet in the lowest Oligocene. 

Our samples from the Freeport Sulphur Company’s Seaburn No. 1 began 
at about 3,100 feet, Lower Miocene was encountered to 4,051 feet, and Oligo- 
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cene to about 4,650 feet, the Marginulina zone being recognized at about 4,500 
feet. Below 4,650 feet there is a non-fossiliferous zone similar to that found in 
Tolar and Dannenbaum No. 11. Salt was encountered at 4,765 feet. 

Seaburn No. 3 drilled in middle Miocene from about 2,300 to 3,200 feet and 
in lower Miocene to about 3,950 feet. From this point the Oligocene was found 
to 4,416 feet, where the samples ended (total depth 4,442 feet). The Marginulina 
zone of the Oligocene was recognized in this well at 4,350 feet. The top of the 
Oligocene at 3,950 is the highest point at which this formation has been identified 
on this dome. It may be higher than this in other wells from which samples 
were not received.! 

Samples from Boggs No. 1 taken at 4,200 feet are of Oligocene age. The 
Marginulina zone was recognized at 4,475 feet. Figure 5 is a cross-section on a 
horizontal and vertical scale of 500 feet to the inch drawn through the Free- 
port’s Tolar and Dannenbaum Nos. 10, 8, 11, and g, and shows the probable 
relations of the formations to the salt core at the northeast end of the ridge. 
The Marginulina zone in the lowest Oligocene is found to be 210 feet higher in 
No. 11 than in No. 9, and a horizon picked up at 2,422 feet in No. 10 may possi- 
bly be correlated with the formation found in No. 9 at 3,196 feet. This would 
indicate steeply tilted formations close to the salt core and a considerable 
dragging up of the lower beds alongside the salt. It seems even possible that the 
oil and gas encountered at 3,082-3,142 feet in Tolar and Dannenbaum No. 8 
may be from upthrust Oligocene beds. 

In Seaburn No. 3, the Oligocene is found to be from roo to 150 feet higher 
than in Seaburn No. 1, due possibly to the effect of the salt ridge plunging away 
from the main core in this area. 

No Oligocene was encountered in any of the deep wells drilled by the 
Humble on the east side of the ridge, nor in the Shea-Storrie (total depth 4,086 
feet) on the northwest side of the ridge. Samples from this well at 4,015 feet, as 
determined by Miss Ellisor of the Humble Company, are shown to be Miocene 
in age. 

An interesting find is reported by Miss Ellisor from the Humble’s Brock 
No. 2, on the west side of the ridge (Fig. 3, Section C-C*). At 2,040 feet, re- 
worked Oligocene Foraminifera were found in marine Miocene sediments, and 
again at 2,673 feet, reworked fragments of limestone carrying well-preserved 
Oligocene Foraminifera appeared. Beds of Miocene age occurred below. The 
presence of these well-preserved Oligocene fossils and fragments of limestone 
doubtless indicates that the Oligocene outcropped close at hand during Miocene 
time and that the fragments were washed out into the Miocene sea. We may 
also infer from the occurrence of these fossils that uplift at Stratton Ridge was 
going on in the Miocene, that the uplift of the Oligocene was as great or possibly 
greater than is indicated on the northeast side of the dome, and that the salt 


* The “Discorbis zone” of the Vicksburg has recently been recognized in Tolar 
and Dannenbaum No. 12 at 3,713 feet. 
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core may show a much steeper west side than that indicated in Section C—Ct of 
Figure 3. 
STRATIGRAPHY 

Study of the samples from the several wells mentioned above 
affords basis for a generalized description of the formations from the 
Pleistocene to the Oligocene, and for designation of characteristic 
features of these sediments at Stratton Ridge. 

Beds older than upper Miocene have not been penetrated, un- 
fortunately, by wells from which continuous samples beginning at 
the surface are available, and samples from beds above the lower 
part of the Miocene have not been secured from wells which went 
into the lower Miocene or older formations. Furthermore, the wells 
which give the best record of the Pliocene and upper Miocene, the 
Roxana wells, are situated on the southeast side of the dome, while 
those from which most information regarding the older beds is 
gained, the Freeport wells, are located on the northeast side of the 
dome. The upper section from the Roxana wells must therefore be 
combined with the lower part of the section from the Freeport wells 
in order to get a complete record of the formations encountered in 
drilling around this dome. The most complete section of the lower 
formations is given in the Freeport’s Seaburn No. 3, which is here 
taken as typical. In this well samples were obtained from depths 
between 1,484 and 1,525 feet which are identical in lithology and 
fauna with the upper Miocene section found in the Roxana’s Seaburn 
wells. 


GENERALIZED SECTION AT STRATTON RIDGE! 
Recent and Pleistocene 


Gray and yellow sand and sandy clay which contain fragments of oyster 
shells and a few Foraminifera, identical with forms found on Galveston Beach 
at the present time. These include Rotalia beccarit Linn., R. beccarii var. gal- 
vestonensis n. var.,*? Nonionina cf. depressula Walker and Jacob, Polystomella 
galvestonensis n. sp.*. The base of the Pleistocene is marked by a bed of non- 
fossiliferous sand, generally logged as a water sand, about 30 feet thick and 
consisting of well-worn, uneven-grained, moderately coarse, tan-colored sand. 
The thickness of the Pleistocene and Recent deposits is 100 to 200 feet. 


See also graphic section, Fig. 6. 


? Manuscript new species in this paper are designated by *. 
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Pliocene 


On the basis of certain constant lithological characters, we have divided the 
Pliocene into three divisions, designated upper, middle, and lower, respectively. 

Upper division.—Reddish-brown and greenish-blue gumbos are the charac- 
teristic materials composing this part of the Pliocene. Nearly all of the cuttings 
when washed contain a small amount of sand, some fossil fragments, and For- 
aminifera. Chara fruit cases are also occasionally found. The foraminiferal fauna 
is similar to that of the Pleistocene, but the species are more varied and a few 
of the varieties are apparently confined to the Pliocene. The majority of the 
species continue into the younger period, as would be expected. The Foram- 
inifera and other fossils found in this division are forms which indicate a 
shallow marine condition of deposition. The most common Foraminifera pres- 
ent are: Rotalia beccarit Linn., Polystomella galvestonensis n. sp.,* Rotalia 
beccarit Linn. var. galvestonensis,* Polystomella striato-punctata (Fichtel and 
Moll) Parker and Jones, Textularia n. sp., Polystomella craticulata (Fichtel and 
Moll var.). Ostracod carapaces, Rangia cuneata, and a number of other pelecy- 
pods and gastropods are also present in a few of the samples. The thickness of 
this division is about Soo feet. 

Middle division Moderately fine to coarse, tan and gray sands form the 
major portion of the materials of this Pliocene division. The sands are sometimes 
indurated, and nodules of small pyrite crystals and chalky lime are common. 
Small chert and quartz pebbles are also characteristic, and shell fragments con- 
tinue as in the upper division. The Foraminifera are also the same as those found 
in the higher portion of the section, but are fewer in number and less varied as to 
species than in the upper beds. The thickness of this division is about 300 feet. 

Lower division——Red and blue gumbos are the dominant materials in the 
lower part of the Pliocene. These gumbos contain a varying amount of fine 
sand which is generally angular, some nodules of pyrite, many shell fragments, 
a few small, well-preserved shells, and a few Foraminifera, as in the division just 
above. Chara seeds are also found in these beds. The thickness of this division 
is 500 feet or more. 

In the Pliocene beds encountered in the Associated Oil Company’s Perry 
No. 1, there was found an Orbitulina of peculiar conical form, common to and 
characteristic of the Walnut clays. This is interesting in that it may shed some 
light on the source of the material making up these sediments. 


Miocene 


The upper Miocene is found in the Roxana’s Seaburn Nos. 1, 2, and 3. 
Although the Miocene and Pliocene formations on this dome are particularly 
difficult to divide because of the almost continuous conditions of shallow marine 
deposition which existed at this time, we are reasonably confident of the line 


*The Walnut clays are a member of the Fredericksburg group of the lower 
Cretaceous 
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of their separation, which has been established on both faunal and lithological 
grounds found to be constant in the wells mentioned. So far as we can ascertain, 
in one of the Roxana wells is the middle or lower Miocene present as it is found 
on the northeast side of the dome, where we are able to study these formations 
in some of the Freeport Sulphur Company’s wells. 

Upper division—An oyster-shell reef marks the upper extension of these 
beds. Heavy oyster-shell fragments also occur frequently and abundantly 
throughout the samples submitted from this division. Lithologically, the upper 
part of the Miocene is composed mainly of fine sands and highly arenaceous 
clays, some of which are micaceous. The sands are gray and tan in color, and 
the grains are generally angular. Nodules of pyrite and lime occur occasionally. 
Selenite crystals were common in the sands from this division in the Roxana 
Seaburn No. 3. A few reworked Cretaceous Foraminifera and a number of 
indigenous species occur in the samples. Some of the more common species 
present are: Rotalia beccarii Linn. var. (apparently confined to the Miocene), 
Polystomella strattoni n. sp.,* Truncatulina cf. americana Cush. var., Textularia 
strattont n. sp.,* Quinqueloculina (several species). The thickness of the upper 
Miocene as found in the Roxana wells varies from 300 to 700 feet according to 
position on the dome. 

Middle division.—Lithologically, the middle part of the Miocene is composed 
of beds of gray, sandy clays and sands with thin streaks of blue and brown 
gumbo. These beds contain no marine fossils of any kind. Lime and pyrite 
nodules are common. Beds of this description occupy the upper 400 feet of the 
middle Miocene as exposed in the Freeport’s Seaburn No. 3. They are followed 
by a series of sediments that are largely non-fossiliferous, but include a few thin 
layers that contain some indigenous species of Foraminifera, Miocene varieties 
of Rotalia beccarti and Polystomella. Dark-blue and greenish-blue gumbos form 
the upper portion of these beds, and gray gumbos and packed sands the lower 
postion. Oyster-shell fragments were noted in one sample, and a small amount 
of glauconite in another. Because of the similarity of lithologic character, 
sparseness of fauna, and total absence of secondary foraminifers, we have in- 
cluded the above-described beds in the middle Miocene, giving that division a 
thickness of about 1,000 feet in this well. Throughout this division, the condi- 
tions of deposition were only rarely favorable to the existence of marine fossil 
faunas, and the source from which the sands were derived apparently did not 
include beds containing an abundance of Cretaceous Foraminifera such as form 
a part of the Miocene sediments in the Gulf Coast region. 

In the Boggs No. r, a horse tooth was secured from beds presumably of this 
division. The following determination was made by Dr. Chester Stock of the 
University of California: “An upper tooth of a horse which appears to me to 
represent some of the members of the Merychippus group. It is a long-crowned 
tooth, unique in its small size, but seems to possess all the general characteristics 
held by Merychippus. This genus is characteristic of the Miocene from a little 
below the middle of the period to the top. This particular specimen is compara- 
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ble in size to some of the teeth of Merychippus that Dr. Buwalda collected in the 
Tehachapi and which belong apparently to the lower stage of the middle 
Miocene.” 

Lower division.—We believe that the introduction of the secondary material 
just mentioned above marks a change in the source of depositional material and 
possibly depositional conditions as well, and therefore place the top of this divi- 
sion at the first appearance of these forms below the non-fossiliferous zone. The 
divisions made here are rather arbitrary, and further study may prove that they 
are not so constant as we now suppose. The major portion of this division of 
the Miocene is composed of gray- and tan-colored sands. There are a few beds of 
blue, brown, and red gumbos, the major portion of which occur near the top 
of this division. The sand grains are generally very fine and usually even in 
size. Lime nodules and Chara fruit cases are found. Secondary Foraminifera 
occur abundantly throughout these beds, and a few indigenous forms are found 
at rare intervals. The thickness of this division in the Seaburn No. 3 is about 
800 feet. 


Oligocene 


Catahoula?—At the base of the lower Miocene and for a few hundred feet 
directly overlying the Vicksburg Oligocene, we note a series of dark-gray 
gumbos and sands in each well from which we have good cores. These beds con- 
tain secondary Foraminifera and indigenous species like those mentioned above, 
some beds of oyster shells, and, as we approach the contact with the Vicksburg, 
a few species of Foraminifera common to the lower formation gradually appear, 
Le., Cristellaria, Orbitolina, Quinqueloculina, Nonionina, and an occasional 
Pulvinulina texana.* There are two explanations for this condition: (1) either 
the Catahoula was entirely eroded before the deposition of lower Miocene sedi- 
ments and the Vicksburg forms found here were reworked into these beds in 
lower Miocene times, or (2) these beds represent the gradual shallowing of the 
sea around this dome during Catahoula time while non-marine sediments were 
being deposited in the more northern area, there being consequently no sharp 
break between the definitely recognized Vicksburg below and the Miocene de- 
posits above. We incline toward the latter view because (x) these beds are 
lithologically similar to the Vicksburg on this dome; (2) the species of Foram- 
inifera common to both the true Vicksburg and this series of beds in question, 
instead of being worn species of abundant and heavy-shelled Vicksburg forms, 
as one would expect if they were reworked, are, on the contrary, fragile forms 
common but not dominant in the Vicksburg, and are also genera frequently 
found elsewhere in sandy, near-shore deposits. To be sure, reworked Vicksburg 
Foraminifera are found in Miocene sediments in the Humble’s Brock No. 2 
(see above), but the Miocene there is true marine Miocene, and not at all com- 
parable to the beds here in question. 

The thickness of this zone varies, but seems to average about 100 feet. 

Vicksburg.—The presence of this formation was unknown in Texas until 
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three years ago. It is now a well-known and easily recognized feature of the 
Gulf Coastal dome stratigraphy. In a recent paper by Applin, Ellisor, and 
Kniker' the Vicksburg has been subdivided into three parts on the basis of cer- 
tain fairly constant faunal groups which take their names from the genera of 
Foraminifera found to be characteristic or dominant in each. These are the 
upper or Discorbis zone, middle or Heterostegina zone, and the lower or Margi- 
nulina zone. 

Upper or Discorbis zone. Lithologically, this division of the Vicksburg here 
consists of a few upper beds of dark, olive-green shales followed below by dark- 
gray gumbos and greenish-gray, very fine-grained, marly sands. Nearly all the 
samples contain many indigenous species of Foraminifera and a few reworked 
Cretaceous forms. The Discorbis fauna is represented by very abundant and 
varied forms. This condition is true of Hoskins Mound as well, while on the 
majority of the coastal domes the number of species and individuals in the upper 
zone is not large, and the forms as a whole are not so well developed as in the 
older beds. This faunal assemblage is an index to conditions of deposition. Since 
nearly all the Foraminifera present are bottom-living forms, they may indicate 
that slightly deeper or quieter water conditions existed here than over the major 
portion of this area. The most common and abundant species in this zone here 
are: 

Discorbis cf. bertheloti Cushman (form as figured by Cushman in Prof. Paper 
20k, ble 32, Bigs 7) 

Nonionina pratti n. sp.* 

Polystomella striato-punctata (Fichtel and Moll) Parker and Jones n. var. 

Polystomella macella Fichtel and Moll n. var. dumbdlei* (without the keel) 

Polystomella crispa (Linnaeus) Lamarck var. seaburni n. var.* (without a keel) 

Polystomella texana n. sp.* 

Pulvinulina texana n. sp.* 

Pulvinulina texana n. sp. var. strattoni n. var.* 

Rotalia beccarit Linnaeus 

Cristellaria vicksburgensis Cushman 

Cristellaria cf. calcay Linnaeus (as figured by Flint but without the spines) 

Globigerina rubra d’Orbigny 

Siphonina n. sp. 

Textularia tolari n. sp.* 

Nonionina scapha (Fichtel and Moll) Parker and Jones n. var (as figured by 

Cushman, Prof. Paper 129E, Pl. 23, Fig. 7) 

Ehyenbergina glabrata Cushman 
QOuinqueloculina crassa d’Orbigny 
Ouinqueloculina glabrata Cushman 
Textularia cf. subhauerit Cushman 
Middle or Heterostegina zone. This division of the Vicksburg at West 


t “The Subsurface Stratigraphy of the Costal Plain of Texas and Louisiana,” by 
Esther Richards Applin, Alva Ellisor, and Hedwig Kniker. 
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Columbia and Damon Mound is a highly fossiliferous limestone, but is here 
represented by a thin bed of marly, fine-grained sand which does not contain 
the Heterostegina which gives the division its name, but carries many specimens 
of Amphistegina n. sp. and other forms characteristic of this zone. The lower 
portion of this middle zone lacks the Amphistegina mentioned above, and shows 
a return of a fauna very similar to that of the Discorbis zone above. The most 
common and abundant species of Foraminifera present in this zone are: 
Uvigerina byramensis Cushman 
Amphistegina lessoni var. texana n. var.* 
Pulvinulina texana n. sp.* 
Cristellaria orbicularis d’Orbigny 
Cristellaria rotulata Lamarck var. 
Globigerina bulloides dV Orbigny 
Globigerina conglobata Brady 
Rotalia beccarii Linnaeus 
Polymorphina byramensis Cushman 
Cristellaria vicksburgensis Cushman 
Truncatulina lobulata (Walker and Jacob) d’Orbigny 
Truncatulina cf. americana (as figured by Cushman, Prof. Paper 129E, P1. 20, 

Bigs7) 
Rotalia vicksburgensis Cushman 
Polystomella crispa (Linnaeus) Lamarck var. seaburni. n. var.* 
Textularia n. sp. (nearest to T. hockleyi* of the Texas Jackson) 
Quinqueloculina, several species 

Lower or Marginulina zone. The lower part of the Vicksburg at Stratton 
Ridge differs markedly from the lower or Marginulina zone at West Columbia, 
Goose Creek, Damon Mound, and Pierce Junction. The genera and species of 
Foraminifera and the character of the sediments found on these other domes in 
this zone suggest that quiet and comparatively deep waters prevailed there. At 
Stratton Ridge, on the other hand, the lower zone of the Vicksburg is made up 
of a series of sands and sandy clays that frequently carry oyster and other shell 
fragments, and the Foraminifera present are only calcareous pseudomorphs 
of a variety of Rotalia beccarii, a form characteristic of shore and brackish-water 
deposits. One or two specimens of Quinqueloculina sp. which also occur in near- 
shore as well as deep-water deposits have been found. Beds belonging to this 
zone have been penetrated for about 200 feet, and it has been found that the 
foraminifera mentioned above occur only in the upper 100 feet. The lower beds 
are non-fossiliferous. No formation older than Vicksburg Oligocene has thus far 
been identified on this dome. 

The total thickness of the Vicksburg Oligocene as we know it at Stratton 
Ridge is about 500 feet. 

MACROSCOPIC FOSSILS 


The following list of macroscopic fossils has been prepared from forms 
identified in samples received from various wells drilled at Stratton Ridge. 
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Feet 
870-872.... 


872-874.... 


Castell Oil Company’s Storrie No. 1 


Arca, worn; in outline resembles A. Jabiata var., of Galveston 
deep well, upper Miocene; Arca alcima from Caloosahatchie beds 
has somewhat similar outline. 

Bittuim sp., broken; may be B. galvestonensis Harris, of Galveston 
well, upper Miocene. 

Phacoides crenulatus 

Corbula sp., broken 

Cerithium, fragment; may be C. galvestonensis Harris. 


Freeport Sulphur Company’s Seaburn No. 1 


Mactra lateralis, Say, Galveston deep well 300-2,920 

Mactra quadricentennialis Harris, Galveston deep well 2,123- 
2,873 

Pecten sp. 

Nassa trivitatata Say, Miocene and Pliocene Maryland 

Olivella fragments 

Turbinella sp. worn fragment 

Pleurotoma cf. calvertensis Clark, Miocene of Maryland 
Cylichna bidentata var. galvestonensis Harris, Galveston deep 
well 2,600-2,733 

Chione cancellata fragment, Linné, Galveston deep well 1,550- 
Despite 

Arca incongrua Say fragment, Galveston deep well 2,443-2,920 
Mactra lateralis Say 

Mactra quadricentennialis Harris 

Strombina sp., not determined 

Pecten fragment 

Arca fragment 

Chione cancellata fragment Linné 

Natica cf. eminuloides Gabb, Galveston deep well 2,465—-2,733 
Corbula resembling most closely C. seminula Dall, Miocene 
Mactra fragments 

Terebra close to gatunensis Toula, middle and upper Miocene 
Chione, middle Miocene form, fragment 

Balanus sp. 

Arca transversa Say, var. busana Harris, Galveston deep well, 
surface to 2,920 

Pecten fragment 

Nassa acuta Say var., Galveston deep well 440-2,871 

Olivella fragment 

Natica sp. fragment 

Arca sp. fragment 
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3 670-3 ,739- 
3, 810-3 , 862. 
4,051-4,060. 
4,060-4,177. 


4,470-4,496.. 
4,554-4,571- 
4,714-4,720. 


AUTRE ARE LIN 


Natica eminuloides Gabb, young 
Mactra quadricentennialis, Harris 
Dreissensia sp. 


.Pecten, Ostrea, Leda fragments 

.Terebra curvilineata Dall, Miocene 

.Chione, Leda, Dentalium fragments, and fish teeth 
.Leda and Natica sp. fragments 


Nassa sp. like sp. in Tolar and Dannenbaum at 4,241 feet Gin 
Nassa trivatiatoides Whitfield 
Fragment of a small Cerithiopsis? 


. Fragments of shells, chiefly Ostrea 
.Fragments of Ostrea shells 


Freeport Sulphur Company’s Tolar and Dannenbaum No. 9 


Mulinea lateralis Say, like specimens from the Galveston deep 
well, 300-2,920, Miocene to Recent. 

Shell fragments of Ostrea, Balanus, Pecten, Chione cancellata? and 
other undetermined bivalves. 

Fragments of Chione cancellata Linné, Galveston deep well 1,550- 
2,871. Geologic range: upper Miocene of Galveston deep well 
and of South Carolina; Pliocene of Caloosahatchie; Pleistocene 
of North Carolina and the West Indies. 

Mulinea lateralis Say 

Balanus sp. undt. 

Carcharias sp. 

Chione cancellata Linné 

Poorly preserved gastropod, possibly Twrritella sp. 

Natica sp. 

Pecten sp. undt. 

Corbula inaequalis Dall, Miocene 

Arca sp. undt. 

Balanus sp. 

Chione like form from the Oak Grove, middle Miocene of Florida 
Nassa sp. undt. 

Leda sp. undt. 

Glycimeris sp. undt. 

Otoliths of teleost fishes 

Carcharias sp. 

Chione middle Miocene form: 


Cerithiopsis like form from Oak Grove, middle Miocene of 
Florida 


t Certain macroscopic Miocene fossils appear in this list below the depth at which 
the top of the Oligocene has been placed. In each case these fossils were found in cut- 


tings and were undoubtedly washed down the hole. Cores showed only Oligocene forms 
with no Miocene present. 
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4,241~-4,250.. 


4, 270-4 ,338.. 


QIO-925.... 


TOO Ueto ar 
I, 194-1, 224.. 


1,480-1,404.. 


I,507-1,582.. 
1,646-1,661.. 


Balanus sp. 

Ostrea sp. 

Leda sp. 

Arca sp. 

Chione as above 

Natica sp., broken 

Oliva aff. reticularis Lam, Galveston deep well 2,158-2,920 
Mulinea sp., broken 

Otoliths of teleost fishes 

Cupularia umbellata, lower Miocene to Recent, especially 
characteristic oi the lower Miocene of the West Indies 

Chione, as above 

Nassa, like species from the Oak Grove, middle Miocene of 
Florida 

Arca sp. fragment 

Cylichna sp. 

Mutinea lateralis? Say, broken 

Chione, as above 

Balanus sp. 

Pecten sp. 

Nassa sp., bearing a close resemblance to the form T7iéta trivita- 
toides in the Miocene of New Jersey, but differing from it in a 
number of details 

Fragments of Chione, middle Miocene form 

Bryozoan, probably belonging to the genus Semihaswellia, 
species not described. 


Humble Oil and Refining Company’s Seaburn B-r 


Fragment of Eulima? sp. 

Planorbis ophis? Dali cf. Teinostoma, Miocene of Maryland; 
brackish-water Pliocene of Louisiana; cf. Fort Thompson 
species. 

Two worn and broken specimens of coiled shell with low spine 
Nassa acuta Say, upper Miocene to Pleistocene in Galveston 
deep well 

Nassa acuta Say 

Arca (Plio sp?) does not seem to be A. ponderosa 

Nassa? acuta Say, broken specimen 

Young of Nassa acuta or Phos; same form as at 547-557 in 
S. No. 1 Roxana, and at 1,500 in Perry No. 1 

Low-spined smooth gastropod 

Phos sp., same form as at 1,500 in Perry No. 1 

Mulinea sapotilla Dall, brackish-water Pliocene of Louisiana 
Phacoides crenulatus Conrad 
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1,661-1 ,670. 


449-487.... 


547-557--+- 


382-413... 


409-530... 


15557=1 500. 


I , 633-1 644. 
1,770-1,790. 


1, 899-1 ,930. 
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.Mulinea lateralis, young 


Paludestrina aff. aldrichi Dall, brackish-water Pliocene of 
Louisiana 


Roxana Petroleum Company’s Seaburn No. 1 


Paludestrina sp. cf. Syrnola caloosaensis Dall, upper Miocene— 
Pliocene of Florida; not a Syrnola 

Paludestrina cf. aldrichi Dall fragment, brackish-water Pliocene 
from near Alexandria, Louisiana 

Paludestrina? n. sp.? anterior portion more angulated than any 
species from brackish-water Pliocene of Louisiana 

Spisula cf. subparilis, Conrad, Tertiary of Florida, upper Mio- 
cene of Maryland 

Fish tooth? 

Phos? sp. cf. form in Avoca well called young of Nassa acuta; 
also occurs at 1,500 in Perry No. 1. 


Roxana Petroleum Company’s Seaburn No. 2 


.Rangia sp., broken. 


Mulinea, probably lateralis, two broken specimens; this species 
ranges from Miocene to Recent. 


Roxana Petroleum Company’s Seaburn No. 3 


.Nassa acuta Say; Harris gives the range as upper Miocene to 


Pleistocene. 

Scala cf. sayana Dall, from the upper Miocene of Maryland; 
Dall lists this species from the Pliocene of Caloosahatchie and 
the Recent from Texas to Key West. 


.Mulinea sp., broken. 


Corbula sp., very close to species from Oak Grove and Galveston 
well (C swiftiana?); Harris gives range of the Galveston well 
species as upper Miocene to Pleistocene; cf. C. sphenia (Chapola) . 
Phacoides crenulatus Conrad; Harris gives the range of this 
species in the Galveston well species as upper Miocene, but the 
Pleistocene species from West Palm Beach is the same. 

Gemma n. sp. cf. G. purpurea var. totteni Dall 


.Mulinea sp., broken 
.Mulinea cf. sapotilla Dall, from brackish-water Pliocene of Louisi- 


ana, Bryozoans, Membranopora, possibly M. flabellata, upper 
Miocene to Recent 


.Corbula sp. from 1,557 to 1,580, range upper Miocene to Pleis- 


tocene 


.Corbula sp., broken; does not appear to be the same as Corbula 


at 1,557 or 1,899. 
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GEOLOGIC HISTORY OF THE DOME 


Paleontological study has shown that during the earliest part of 
Oligocene time the lithological and faunal characteristics of the sedi- 
ments at West Columbia, Goose Creek, Damon Mound, and Pierce 
Junction suggest prevailing quiet and comparatively deep waters. 
At Stratton Ridge, to the east and south of these domes, the lowest 
Oligocene sediments are lithologically and faunally characteristic of 
near-shore and brackish-water conditions. This suggests that per- 
haps some uplift took place in this region during or just prior to the 
earliest Oligocene. 

The top of the salt core at Stratton Ridge is about 3,000 feet 
above the original position of the now upwarded Oligocene, and the 
sediments of this and the Miocene periods are shown to be sharply 
upthrust and steeply tilted close to the sides of the salt mass, at 
least on the northeast side of the dome, where we have the most com- 
plete information. The Pliocene sediments overlie the Miocene beds 
unconformably near the salt core. No Miocene sediments pass over 
the top of the salt, nor do the lowest Pliocene. The Miocene- 
Pliocene contact shows an uplift of about 300 feet in the Roxana 
Seaburn Nos. 1, 2, and 3, while the overlying Pliocene beds show less 
and apparently lie nearly flat across the top of the salt. It therefore 
seems probable that the intrusion of the salt and the period of maxi- 
mum deformation came between the Oligocene and early Pliocene. 
Some minor upthrust of the salt evidently has taken place since the 
Pliocene. 

OIL AND GAS 


The indications which led to drilling at Stratton Ridge were gas 
seeps in a water well near Stubblefield Lake, and the topographic 
expression of the salt dome. 

Shows of oil and gas were encountered in thin sands above the 
gypsum anhydrite cap in some of the Freeport Sulphur Company’s 
wells drilled on the top of the salt. The Castell Oil Company’s 
Storrie No. 1 had a strong gas blow-out at about 750 feet, but the 
flow was not lasting. There is no record of any showing of oil or gas 
in the Roxana wells. No commercial production was ever developed 
on the top of the salt, and the wells drilled_there have tested the 
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cap and the sands above with sufficient thoroughness to prove further 
prospecting for cap-rock oil useless. 

Four of the wells drilled on the northeast side of the dome have 
encountered good indications of oil in the lateral sands. These wells 
are the Freeport Sulphur Company’s Tolar and Dannenbaum Nos. 
8, 9, and 11 and C. C. Cannan’s Boggs No. 2. In the Tolar and 
Dannenbaum No. 8, oil and gas were found at 3,082-3,142 feet. 
This well was abandoned at the latter depth. In No. 9, the record 
gives several oil and gas shows between the depths of 3,100 and 4,300 
feet. Twenty feet of sand logged from 4,344 to 4,364 feet at the 
bottom of the hole produced 28° B. oil for a short time and then 
sanded up. No. 11 had showings of oil from 3,501 to 3,512 feet and 
pumps about 75 barrels a week from sand and shale at a depth of 
4,249-4,386 feet, but the well is not pumped regularly. C. C. Can- 
nan’s Boggs No. 2, the latest well to encounter oil, produced 1,500 
to 2,000 barrels a day for a few days from a sand found at 4,274- 
4,285 feet and is now being pumped. Boggs No. 1 reported oil shows 
at the following depths: 3,196-3,226 feet, 3,550-3,5605 feet, and 
4,560-4,575 feet. 

Shows of oil and gas were found in the Freeport’s Tolar and 
Dannenbaum No. to from 2,218 to 2,430 feet and from 2,554 to 
2,602 feet. Gas shows in the Freeport’s Seaburn No. 1 occurred at 
depths of about 3,600, 4,050, 4,250, and 4,550 feet. A show of oil 
and gas was found in this well at 4,697—-4,765 feet. In Farish’s Sea- 
burn No. 2, oil is reported from 1,920 to 1,950 feet, and gas from 
2,115 to 2,150 feet. It is not known whether oil and gas shows were 
encountered in any of the Humble’s wells drilled on this dome; the 
records do not show any. 

Cores from Tolar and Dannenbaum No. 9 at 4,357 and from 
Tolar and Dannenbaum No. 11 at 4,371 show the sand to be fine, 
hard, and closely cemented, probably on account of compression of 
the sediments accompanying the upthrust of the salt mass. 
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THE BRYAN HEIGHTS SALT DOME, BRAZORIA 
COUNTY, TEXAS 


WILLIAM KENNEDY? 
Dallas, Texas 


ABSTRACT 


The Bryan Heights salt dome is located in southern Brazoria County, Texas, near 
the mouth of Brazos River and nearly due south of Houston. It is marked topographi- 
cally by a low mound which rises about 25 feet above sea-level. The top of the salt is 
encountered at an average depth of about 1,100 feet. Formations of Quaternary and 
later Tertiary age overlie the dome, and as in the case of other Gulf Coast domes there 
are more or less steeply inclined Tertiary rocks surrounding the salt core. A sulphur- 
bearing cap rock is of chief economic importance, sulphur being mined by the Frasch 
hot-water process from depths of about 700 to goo feet below the surface. Some deep 
drilling, to depths of more than 3,500 feet, has been undertaken on the flanks of the 
dome, but no commercial oil or gas has been encountered. 


INTRODUCTION 


Bryan Mound lies in the southern portion of Brazoria County, 
Texas, 3 miles south of Freeport and not more than 1 mile from the 
coast. The region around the mound is low, flat, marshy country of 
recent material and not more than 2 or 3 feet above tide-level. The 
greater portion is occupied by shallow lagoons, some of which are 
dry at low tide. The mound itself rises out of these marshes to an 
elevation of about 23 feet and covers an area of approximately 300 
acres. Since operations have been in progress the surface of the 
mound has sunk about 2 feet. This subsidence has taken place 
mostly in the areas where numerous wells have been operated. 


HISTORY 


Attention was first called to Bryan Mound by S. F. Peckham in a report on 
“Petroleum,” in the Tenth Census, 1880, where he says, ‘‘near the mouth of the 
Brazos River and in other parts of Texas, beds of asphaltum occur, evidently 
resulting from the decomposition of petroleum, but so far as I have been able 
to learn, they have no commercial value.” He indicated the position of the 
mound on his map as a point at which petroleum and asphalt occurred. This 
statement may have had reference to seawax which is occasionally found on the 
neighboring coast, or to minute grains of what appears to be the same material 


* Chief geologist, Lone Star Gas Company, Dallas, Tex. 
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occurring in the soil at different places. During the oil excitement of the year 
tgor, the J. M. Guffey Petroleum Company obtained a number of leases around 
and on the mound and commenced drilling. At a depth of about goo feet the 
first well encountered gas and had an estimated daily flow of 6,000,000 cubic 
feet, mostly hydrogen sulphide. Attempts to control the gas flow were unsuc- 
cessful and the well was abandoned. Another well was drilled by the same com- 
pany, and as this also proved valueless the field was abandoned. 

Other parties acquired the leases subsequently and attempted to drill for 
oil, but in each case the operations proved fruitless, either on account of the 
pressure of water or gas, although the gas pressure had largely fallen off. Seven 
wells were drilled in this region prior to 1904, some of them being carried to 
depths exceeding 1,000 feet. During the course of this work the drill is reported 
to have passed through large deposits of lime and gypsum showing considerable 
quantities of sulphur, the sulphur being scattered mostly throughout the gyp- 
sum, though some was with the lime. These materials were encountered be- 
tween 700 and goo feet beneath the surface. 

During these early years of exploration of the coastal regions, petroleum 
was the only product desired, all other minerals being passed almost unnoticed. 
With the failure of petroleum production, Bryan Mound was abandoned until 
some time in 1906, when H. T. Staiti, P. M. Granbury, L. Bryan, and associates 
incorporated a company for the purpose of prospecting this territory for sulphur. 
The company held leases on the McNeil and Arnold tracts, including the greater 
portion of the mound, and carried out some exploration by drilling. On the 
strength of the showing of sulphur obtained arrangements for sale of the prop- 
erty were made, but because proposed methods of obtaining the sulphur in- 
fringed patents on the Frasch process, the sale finally fell through. Additional 
prospecting was carried on, however, and in all some twenty-seven test wells 
were drilled. It was asserted that sulphur in greater or less quantities had been 
found in every one of these test holes, and that about 300 acres had been proved 
to be profitably sulphur-bearing. 

About 1912, the property passed into the hands of Mr. Swenson and asso- 
ciates. These gentlemen, after drilling a number of prospect holes in which 
sulphur was found in fair quantities, installed a plant at a cost of about $200,000 
for the purpose of obtaining the sulphur and preparing it for market. This 
plant was similar to that of the Union Sulphur Company at Sulphur Mine in 
Louisiana, in employing what is known as the hot water process. During the 
early portion of December, 1912, sulphur was brought up for a few days, but 
owing to slight defects in the machinery, work ceased for some months. During 
1914 or 1915, work was resumed with a greatly enlarged plant, and since that 
time operations may be said to have been continuous. 


TOPOGRAPHY 


Bryan Mound consists of a slightly elevated mound having a 
slight slope toward the east and southeast, the highest portion of 
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the surface, about 24 feet above sea-level, lying near the western 
side (Fig 1). The easterly inclination of the surface coincides with 
that of the underlying beds; thus the top of the salt, although not very 
regular, shows a descent from an average depth of 1,138 feet along 
the western side to 1,152 feet along the eastern side of the mound. 
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Fic. 1.—Surface topography of Bryan Mound, Texas. Contour interval 2 feet 


This is a difference of only 44 feet in a distance of approximately 
5,000 feet, a slope of 46 feet per mile. The gypsum- and sulphur- 
bearing formations show a similar easterly slope of 56 feet in the 
same distance, while the overlying limestones show a slope of 89 feet, 
or a dip of 94 feet per mile to the southeast. This is nearly four times 
the average slope of the surface. 
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GEOLOGY 


Considered alone, the geology of Bryan Mound is comparatively 
simple, but in connection with its surroundings this mound presents 
a somewhat different problem. The rocks above the cap include 
about 300 feet of Recent and Pleistocene and Beaumont clays, and 
approximately 400-500 feet of sands and clays carrying Upper Mio- 
cene fossils. Since Pliocene formations occur along the flanks of some 
of the other mounds, notably at Stratton Ridge and Hoskins Mound, 
it is very probable that formations of this age also occur upon and 
around Bryan Mound, although nothing very definite is known 
about them. 

Along the northern edge of the mound the country slopes some- 
what gently toward the north for a short distance and drilling 
throughout that region has been carried down to depths ranging 
from 1,750 near Hawkinsville to 3,507 feet on the Bryan lease 
about 4 miles northwest of the mound. In another well drilled by 
the Chester Oil Company, about 4 mile east of the dome, the drill 
reached a depth of 2,911 feet. The Freeport Sulphur Company wells 
on the Poole & McNeil leases were carried down to depths of 3,000 
Teet: 

Between West Columbia on the north and Bryan Mound on the 
south, there is evidently a trough about 3,000 to 3,500 feet deep. 
The materials filling this trough consist of clays, sands, shales, and 
gumbos with gravel and bowlders. From the presence of dark- 
green shale and sandy shale showing oil from 2,554 feet in the 
Chester well, the writer considers the lowest 257 feet as Fleming, 
and the uppermost 575 feet as belonging to the Beaumont clays. 
Some 1,400 feet of the intervening strata may be placed in the 
Lafayette and the rest in either the Lagarto or Lapara or both. 


STRUCTURE 


Dumble: has said that the Coastal Plain during Tertiary times 
was subject to oscillations which marked the dying out of vulcanism. 
Pliocene or pre-Pleistocene erosion acting in connection with flexures 
produced at the time left a number of hills and ridges scattered 
over the coastal strip which during the Pleistocene submergence were 
mostly covered by coastal clays. 

t Trans. Amer. Inst. of Min. Eng., Vol. 31, p. 1030. 
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Since no particular attention was paid to structural conditions 
when drilling was carried on, there is unfortunately no definite 
knowledge concerning underground conditions above the sulphur- 
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Fic. 2.—Topography of the top of the cap rock and the top of the salt in the Bryan 
Heights salt dome. 


bearing beds, except that Upper Miocene and Pleistocene formations 
are present. However, since the Pliocene, Miocene, and Oligocene 
are present at Stratton Ridge, the salt dome nearest to Bryan, it is 
probable that these formations exist also at Bryan Mound, either 
above or around the salt core (Fig. 2).7 

* Since this article was written, two wells have been drilled near the foot of the 


mound on the north side. The first, No. 616, was drilled to a depth of 1,956 feet and 
the second, No. 617, to a little below 2,550. No examinations were made of material 
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The structure of this mound is essentially similar to most of the 
coastal mounds. A series of sands, clays, and gumbos occurs down 
to about 700 feet; limestones, gumbos, and shales extend to 760 feet; 
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Fic. 3.—Cross-section from north to south across Bryan Heights salt dome. For 
location see Fig. 1. 


to 1,090 feet there appears a zone of very porous, cavernous lime- 
stones and gypsums mixed with sulphur and carrying large quanti- 
ties of hot sulphur water and hydrogen sulphide; below this and 
above the salt, there appears to be a series of limestones carrying 


obtained from well No. 616, but numerous limestones were passed through from 1,626 
feet to bottom. The cuttings from well No. 617 were examined by Mrs. E. R. Applin 
and Miss G. Newman of the Rio Bravo Oil Company and these showed the presence of 
both Miocene and Oligocene. This well also encountered limestones from 1,795 feet to 
bottom. 
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iron pyrite, gypsum, and sandstone, approximately 80 feet in thick- 
ness, but without sulphur. The salt makes its first appearance at 
depths between 1,000 and 1,100 feet. 

Kirby Thomas, who examined a core from Reed well No. 3 
drilled by the Gulf Development Company near the western margin 
of the dome, reports: 

This core shows 175 feet of sulphur formation of which 35 feet is limestone 
and gypsum showing sulphur estimated at less than 10 per cent, and 85 feet of 
gypsum and limestone with ro to 50 per cent of sulphur; 54 feet of the core is 
missing, which indicates that the soft friable sulphur and gypsum in this much | 
of the hole did not core. I examined all the 120 feet of core inch by inch and 
made an estimate that more than one-third would run 30 per cent or better, and 
that about 50 feet would run to about ro per cent or better; about 20 feet was 
barren limestone.* 

The beds encountered in a well drilled in the marsh northwest of 
the hill (Fig. 3) included heavy beds of clay of the Beaumont type 
and beds of quicksand. At 370 feet there was a small showing of gas, 
and fresh water occurs in a sand at the depth of 645 feet. Gnathadon 
cuneatus shells are common to a depth of 350 feet, but become scarce 
below that depth, although a few were found at a depth of 730 feet. 
Large quantities of wood in a carbonized condition are found at 
depths between 370 and 730 feet, but mostly from around 600 feet. 

Dall reports that the fossils found in this mound between 649 
and 668 feet are not older than Upper Miocene. In well No. 518 the 
following fossils identified by G. D. Harris were found between 292 
and 300 feet: Nassa acuta, Tornatina canaliculata, Arca transversa, 
Mulinia lateralis, Polynices duplicatus (immature), Terebra dis- 
locata, Corbula contracta, Seila adamsi, Lucina amianta, Columbeila 
obisa, Arca ponderosa (immature). According to Harris, these are 
of Pleistocene age. 

The sulphur-bearing beds consist mostly of gypsum in various 
forms from amorphous to crystalline. Selenite occurs as crystals 
and, less commonly, as thin plates or flakes. The amorphous gypsum 
is usually in a granular form and very intimately mixed with car- 
bonate of lime. An examination of many of the cores from different 
wells shows the amorphous gypsum to be badly broken with very 

* Mineral Resources of U. S., 1912, Part 2, p. 936. 
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close fractures extending in various directions throughout the core. 
These, although scarcely perceptible to the eye, all contain thin 
films of sulphur. It may be remarked that what has usually been 
considered as gypsum, closely associated and intermixed with the 
sulphur in this field, is not pure gypsum, since when treated with 
hydrochloric acid more than half of the rock goes off in the form of 
carbonate of lime, leaving a residue of gypsum in the form of a soft, 
white, pasty mass. At Hoskins Mound, it is claimed that at about 
the depth of 681 to 710 feet the drill passed through a soft, sticky, 
white clay, becoming chalky when dry. That description answers 
the residual mass left in the Bryan Heights sulphur-bearing beds 
after the removal of the lime and sulphur. The gypsum beds carry 
masses or thin deposits of black carbonaceous shales at somewhat 
irregular intervals and at different depths in the different wells. 
They also carry barite in small quantity and mostly in the form of 
rounded or water-worn nodules, some of which are as much as 3 
inches in length and nearly 1 inch in thickness. 

The structure of these sulphur-bearing deposits is not regular 
(Fig. 4). In some places, the selenite crystals stand at a high angle and 
at others lie in thin sheets almost flat; the granular portion of the 
deposits often shows threadlike columns standing perpendicular to 
the core of the well and again lying as if they had settled down quiet- 
ly. The selenites sometimes show twinning, but this is not very 
frequent. The deposits might in some places be considered vesicular 
on account of the numerous cavities found interspersed between the 
thin layers of gypsum. In addition, numerous large channels are 
found in various wells. Neither of these cavernous conditions are 
universal throughout the mound. 

The sulphur itself is very irregularly distributed throughout the 
beds. It is found often in very small crystals, even microscopic in 
size, but frequently in the form of larger masses of crystalline sulphur 
and as pipes extending upward through the beds. The sulphur is 
also found in the shape of stalactites in the openings made by the 
acidulated water or as thin plates lining the cavities made by the 
waters. While the sulphur sometimes appears as translucent crystals 
of a bright or pale amber color, the greater portion is amorphous, 
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showing a light-yellow or canary color. In whatever manner it may 
occur, it is always irregularly distributed and no two wells are alike 
as to content. 

Immediately underlying the sulphur-bearing deposits and be- 
tween these and the salt, there is a series of deposits consisting of 
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Fic. 4.—Cross-section from east to west across central part of Bryan Heights salt 
dome. For location see Fig. 1. 


lime, anhydrite, and gypsum, with some gumbos and sand. These 
are reported to have an average thickness of about 80 feet, but it is 
doubtful whether this thickness can be found anywhere upon the 
surface of the mound itself. Limestone appears to be the prevailing 
material in this series. Across the northern end of the mound, a 
fine, loose sand appears in contact with the salt, and the same 
appears along the eastern side where 140 feet of mixed sand and salt 
are found in the bottom of well No. 586 (Fig. 5.) 


BRYAN HEIGHTS SALT DOME, TEXAS 687 


On the western side of the mound many of the wells show the 
lime resting directly upon the salt. The barren zone between the 
sulphur-bearing horizon and the salt core of the mound is not con- 
stant in its character. Sand is frequently found in immediate contact 
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Fic. 5.—Cross-section from east to west across north part of the Bryan Heights 
salt dome. For location see Fig. 1. 
with the surface of the salt, and in several holes gumbo occupies the 


zone of the gypsum or lime. 
The following combination log of well shows the general char- 


acter and arrangement of rocks at this mound: 
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Depth in Feet 


Sands, Claysy-and, SUMDO wees at rate aiss vers eget ° 680 
Blue limestone and gumbo with showing of oil......... 680 762 
Gypsum with sulphur, cavernous with showings of gas 

and large quantities of black sulphur water.......... 762 791 
Gypsum and sulphur, about 75 per cent of the sulphur in 

the form of flakes; contains gas and black sulphur water 791 856 
Gypsum and sulphur with gas joa gecs see ee oe 856 I,090 
Soft formation, gypsum (anhydrite) and sandstone with 

some lime: no sulphutiiaa. cast cece tesa eee mers I 090 i ie 
IROck saltiness cots peer tierce neva mteeaer it eretekeregsr Teun2 1,160 plus 

SALT 


In keeping with the other coastal domes, salt forms the base of 
Bryan Mound. The thickness and general character of this salt 
deposit are unknown, since none of the drilling has gone more than 
150 to 200 feet into it. One of the wells records the salt as being 
stratified, but that may be considered doubtful even though the 
core appeared to verify this statement. 

Structurally, the salt is separated from the overlying sulphur- 
bearing gypsum by a series of deposits made up of hard, dark-colored 
gypsum (probably anhydrite), clays, dark shales, and in several 
wells by heavy deposits of sind, many of which appear to be inter- 
mingled with grains and crystals of salt. In some of the wells lime- 
stones lie directly upon the salt. 

Although the upper surface of the salt shows a general slope 
from west to east, this gradient is very irregular as if the salt had 
been subjected to erosion before being covered by the overlying 
deposits. This condition is especially notable in the wells in which 
the sand was found on top of the salt. This sand with its asso- 
ciated salt grains lies in a pit or depression worn in the upper sur- 
face of the salt. The shales found in contact with the salt appear 
to occupy a similar position. Around the edge of the dome the cap 
rock drops down to the edge of the salt. Where the salt stops, this 
so-called cap-rock also stops (Fig. 6). 

Around the west, south, and east sides, the salt has extremely 
steep slopes, in some places almost perpendicular. Along the west- 
ern side this slope, although very steep, is greatly modified, but 
the strong slopes are again seen on the southeastern and north- 
eastern sides. The sides of the dome as well as the top seem to have 
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been subjected to erosion before being covered up. This condition 
may, however, be due to an irregular uplifting of the salt core and 
an extrusion of the salt into softer deposits along the sides of the 
dome. A similar condition exists at Stratton Ridge and possibly 
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Fic. 6.—Cross-section from east to west across south part of Bryan Heights salt 
dome. For location see Fig. tr. 


at Hoskins Mound. There is a possibility that a fault extends along 
the southern exposures of these three mounds and that this faulting 
is in a great measure responsible for the presence of the salt. 

The salt has been subjected to considerable pressure. We know 
from the general geologic conditions of the coastal country that 
there has been great movement at different periods. It is probable 
that when pressure was exerted by these movements the areal ex- 
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tent of the original salt deposit was greatly reduced and the salt 
itself forced upward into the form of a mound as we now find it. 
The movements were repeated several times and the salt in all 
probability was subjected to pressure every time these earth move- 
ments occurred. The condition of the sides and upper surface of the 
salt accord with this view. 


MINING METHODS 


Economically, Bryan Mound may be considered only as a source 
of sulphur. The sulphur is recovered by the Frasch process, which 
was first utilized at the Union Sulphur Company’s mine in Louisiana 
and has been described as follows: 


In drilling these wells, the rotary rigs so common in the Gulf Coast oil 
fields are used. A casing is set in the well down to the cap rock which forms the 
top of the sulphur-bearing layer. Inside of this casing is set a 6-inch pipe per- 
forated at the lower portion. Within the 6-inch pipe is a 3-inch galvanized iron 
pipe also perforated near the bottom and finally within that is a 1-inch galva- 
nized iron pipe. 

On operating the well hot water under a pressure of 200 to 300 pounds per 
square inch and at a temperature of 330 degrees F. is pumped down through the 
outer pipe and discharged into the porous sulphur-bearing calcite near the bot- 
tom of the strata. Similarly, hot water is forced down the 3-inch pipe and dis- 
charged into the porous formation through the perforated lower portion of the 
pipe. These two streams of hot water, at a temperature considerably above the 
melting point of sulphur (sulphur melts at about 240 degrees F.), gradually 
heat up the surrounding rock, melt the sulphur and its flows down into the heat- 
ed area around the bottom of the well. After a sufficient heating has taken place 
the pumping of water down through the 3-inch pipe is discontinued and the 
melted sulphur rises in it. Air under high pressure is then pumped down the 
t-inch pipe and the melted sulphur which has accumulated in the 3-inch pipe 
is lifted to the surface of the ground. This pumping of the melted sulphur by 
compressed air operates on the same principle as the air lift so commonly used 
for pumping water. The pressure of air required may run as high as 650 or 700 
pounds per square inch in starting, but after the flow of sulphur is established 
the pressure drops off somewhat. The quantity of water required per ton of 
sulphur varies greatly with local conditions immediately surrounding the well. 

The enormous quantity of water used in extracting the sulphur together 
with what we may consider as native water would in a very short time so flood 
the mound as to render it practically impossible to mine. As a relief, however, 
to this condition many of the old wells, from which all the sulphur available has 
been extracted, are utilized for the pumping of all surplus water. These wells 
are scattered throughout the mound and by this means the water found in the 
mound is kept under control. 
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ABSTRACT 


Big Hill, Matagorda, is a characteristic Gulf Coast salt dome and has a distinct 
salt-dome mound, a subcircular salt core intruded into Tertiary sediments and a thick 
cap on the top of the salt. The cap contains an extensive and important deposit of 
sulphur. The cap is composed of (a) a “barren cap” of limestone above, (b) the sulphur- 
bearing zone composed chiefly of limestone and grading below into (c) a thick deposit 
of barren anhydrite. The sulphur is secondary and later than the limestone and anhy- 
drite. The sulphur is mined by the Frasch process in which superheated water is pumped 
down through a drilled well; the melted sulphur is collected at the bottom of the well 
and pumped to the surface by an air lift. A review is given of the possible reactions for 
the formation of the sulphur. On account of the lack of extensive drilling, little is known 
about flanks of the dome, a small amount of oil was produced in the early days, mostly 
from the top of the cap. 


INTRODUCTION 


Big Hill, Matagorda County, Texas, is 1 mile from the shore of 
Matagorda Bay, about midway on the county’s coast line, and 20 
miles south-southeast of Bay City. A branch line of the Gulf, Colo- 
rado and Santa Fe Railway extends to the sulphur mine of the Texas 
Gulf Sulphur Company now operating there. 

This dome has been little prospected for petroleum; few deep holes 
have been drilled as compared with the other coastal domes, and 
little paleontological work has been done on the deeper sediments. 
The age of the dome and the stratigraphy of the deeper surrounding 
sediments, therefore, are correspondingly somewhat uncertain. Big 
Hill (now known also as Gulf) is famous for its sulphur output, not 
for oil production, and, accordingly, far more is known about the cap 
rock and the sediments immediately overlying it than about the 
deeper strata. 

HISTORY 


Big Hill, after proving an early failure as an oil field, was neglected for a 
time, and then, within the space of a few years, was developed into one of the 
world’s most important sulphur producers. This was one of a group of topo- 
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graphically prominent domes drilled immediately after the Spindletop boom. 
William Cash and W. T. Goode were probably the men who first conceived the 
idea of drilling Big Hill for oil. Sometime during 1901 they acquired about 1,500 
acres on and around the hill, and let a drilling contract. Work started at the 
north end of Block 94, William Simpson League, on the southeast slope of the 
hill. This first well was drilled in during January, 1902, to about 840 feet, and 
was a tremendous gasser. All estimates of its production were mere guesses, 
but the assertion is made that millions of cubic feet of gas per day escaped for 
a period of several months. This gas was chiefly hydrogen sulphide, an indica- 
tion of the chief mineral of the dome. Some use was made of the gas, but the 
major portion of it was wasted. 

The Cash and Mayes Syndicate, as the partnership was called, drilled two 
more wells on the hill to the north of the discovery well, but without success. 
A short time later T. W. Lane and John Sutherland, of Bay City, formed the 
Lane-Sutherland Syndicate and drilled a well near the center of Block 78, 
William Simpson League, north of the Cash and Mayes wells and on the east 
slope of the hill. A little oil and, what has since proved to be more important, 
a great thickness of sulphur-bearing limestone, beginning at 900 feet, were 
found. The well was abandoned in salt water at 1,200 feet. 

Mr. Lane sold out to Dr. P. S. Griffith, who made a new location on top 
of the hill in Block 70, William Simpson League. In May, 1904, this well blew 
out at 850 feet after penetrating the cap rock a very short distance. The well 
began flowing at an estimated rate of 2,500 barrels of oil and 3,000 to 4,000 
barrels of water per day. The Grifith well served to stimulate immediate ac- 
tivity, and oil production increased until, in December of that year, the average 
daily output was said to be 4,000 barrels. Salt water then appeared in almost 
every well, and, by late in December, in such quantity as to decrease the oil 
production to 1,200 barrels per day. By February, 1905, the production had 
fallen off to 400 barrels per day. 

The boom in the Humble field early in 1905 caused the almost complete 
desertion of Big Hill. John Sutherland alone remained, pumping several wells 
by means of windmills and making from 150 to 200 barrels of oil per day. The 
big storm in the autumn of that year blew down all the derricks, and oil produc- 
tion practically ceased. 

Sulphur was found in many places in the drilling of the numerous wells on 
the hill. These discoveries were merely incidental to the search for oil, but the 
existence of sulphur was remembered, and this knowledge gave fresh impetus 
to exploratory work four years later. 

In 1909, A. C. Einstein and John W. Harrison, who without very much 
success were prospecting for sulphur south of Liberty, Texas, decided to drill 
Big Hill. Their driller, Dr. A. L. Lyons, now of Vinton, Louisiana, took the 
contract. The first real test for sulphur was made on the northeast slope of the 
hill, on land of the Matagorda Oil Company, which had acquired the Sutherland, 
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Griffith, and other interests. The results of this well were sufficiently encourag- 
ing to cause the formation of the Gulf Sulphur Company, capitalized at $250,000, 
and the drilling of a series of test wells. All of these wells showed large amounts 
of sulphur. 

Bernard M. Baruch and Seeley W. Mudd became interested in the sulphur 
possibilities of Big Hill during the year ro1o or 1911. This was not their first 
venture in sulphur, as they had previously investigated Bryan Heights before 
it was taken over by the Swenson interests. A thorough drilling and sampling 
of the sulphur-bearing cap rock of the dome was begun in September, 1016, 
by Spencer C. Browne, who had sampled Freeport for. Baruch and Mudd. The 
work resulted in the development of one of the largest and most accessible 
sulphur deposits in the world. 

On July 16, 1918, the Texas Gulf Sulphur Company was chartered, succeed- 
ing the Gulf Sulphur Company. The capital stock was initially 500,000 shares 
of $10 par value, but was later increased to 635,000 shares. At first the company 
could not undertake mining operations and the extensive construction that such 
work would necessitate because of the scarcity of materials; but the increasing 
demand for sulphur, due to the prolongation of the world-war, made advisable 
an immediate start in building. Priority rights were obtained from the govern- 
ment for supplies, and in the face of an extreme shortage of structural materials 
and machinery the construction of the plant was.started in July, 1918, and com- 
pleted in March, ro19. 

The first sulphur was brought to the surface on March 19, 1919, and produc- 
tion has been carried on continuously since then with great success. The Texas 
Gulf Sulphur Company has become one of the three greatest sulphur producers 
in the world. 

PHYSIOGRAPHY 


Big Hill stands one mile from Matagorda Bay in an almost tree- 
less plain that stretches from the wooded “bottom” of Colorado 
River, 5 miles west of the hill, to Caney Creek, about 14 miles to the 
east. The land along the bay shore south of the hill rises rather 
abruptly several feet, then slopes gradually upward, gaining an ele- 
vation of 50 feet in about 20 miles. The streams, such as Big 
Boggy, Peyton, and Caney creeks, have cut down almost to sea- 
level and formed steep banks in the upper parts of their courses. 
These are the only topographic features other than the dome itself. 
There is nothing unusual about the drainage of this area. Some of 
the water flowing from Big Hill reaches Little Boggy, the nearest 
stream, 13 miles to the west. The major portion of the drainage, 
however, flows directly into the bay. 
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The mound at Big Hill is roughly oval in shape, elongated in a 
north and south direction, and measured on the 20-foot contour 
above sea-level is 4,000 feet long by 2,400 feet wide. It rose to an 
elevation of 37 feet at its summit before sulphur-mining began. The 
22-foot contour line (Fig. 1) shows the true outline of the mound. 

In the immediately surrounding country are numerous small 
ponds and so-called “gas mounds,” the latter, in the writer’s opinion, 
being erosion features. Some of these ponds are shown on the north- 
west part of the contour map. 


SURFACE GEOLOGY 


The surface material of the mound consists of a yellow clay be- 
longing to the Beaumont. It contains numerous small, dark-colored 
nodules with considerable iron and manganese. There are also some 
sandy spots on the surface. The same yellow clay with the same 
nodules can be found in other places, such as Peyton Creek, ro miles 
to the north. At the north end of the hill, on a prominent point that 
shows quite clearly on the topographic map, the surface is covered 
by a red clay containing calcareous nodules, probably a variation 
of the Beaumont. Beyond the dome area the greater part of the sur- 
face is “‘black land,” except along the bay front where a natural 
shell reef has been formed. 


SUBSURFACE GEOLOGY 


Big Hill is a typical example of a Gulf Coastal salt dome, and 
has the surface mound and the unconsolidated sediments overlying 
a salt plug that is capped with a layer of calcium minerals and that 
has been thrust up through the deeper surrounding strata. In the 
early days when cap-rock oil was sought, there was little incentive 
to drill through the cap to the salt plug, and since sulphur-mining 
has started, such a practice would be disastrous. Therefore little is 
known about the true shape of this salt core or plug. Such data as 
are available indicate that the highest part of the plug is about 1,300 
feet below sea-level, and that the top of the plug is almost flat, slop- 
ing only very gently toward the edges, then suddenly dropping away 
at a steep angle. As the core is not definitely outlined by drill holes, 
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its size cannot be stated with any degree of accuracy. It is probably 
elliptical in shape, with an east-west axis of about 4,000 feet, and a 
north-south axis somewhat longer. The top of the salt, so far as 
known, and the top of the cap correspond fairly well with the surface 
topography. 

The cap rock is the all-important part of Big Hill. It extends 
over the entire flattened top of the salt core and down over the flanks 
of the core a short distance. It underlies more than 300 acres. As its 
highest point at the center is just 800 feet below sea-level and the 
salt 1,300 feet, the thickness of the cap is approximately 500 feet at 
the center. From the center, it thins slightly toward the edges, and 
pinches out suddenly where it laps over the flanks of the core. Its 
top is shaped somewhat like the top of the plug, except that its slope 
is steeper. At the edges of the cap, the slope is abrupt. The steepest 
slope is on the north. 

The cap rock is divided into three parts. On top is a thin layer 
or zone of porous limestone, barren of sulphur and containing much 
calcite, and, in the parlance of the sulphur-miner, called the ‘‘cap 
rock.”’ Underlying this is a zone of varying thickness, consisting of 
limestone identical with that of the cap rock, except that it contains 
a varying percentage of native sulphur. Beneath the sulphur-bearing 
horizon, but not so clearly divided from it as the cap rock, there is a 
very large deposit of anhydrite. The sulphur zone merges into the 
anhydrite, some residual anhydrite being found in the limestone 
and sulphur zone, the percentage of calcium sulphate increasing 
with greater depth while calcium carbonate and sulphur decrease, 
until anhydrite with only minute crystals of sulphur and microscopic 
particles of lime is found. Because of this gradual transition, the 
bottom of the sulphur-bearing zone cannot be sharply defined, and 
the thickness of the sulphur body depends more on the amount than 
on the mere presence or absence of sulphur. In some parts of the 
sulphur pay zone there is a thin lense of barren anhydrite with more 
sulphur-bearing limestone below it, and the ore fades out into the 
main body of barren anhydrite at greater depth. Such an occurrence 
is rare, but interesting, for it appears to be a residual portion of the 
unaltered calcium sulphate in the secondary limestone and sulphur, 
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and is repeated many times on a very much smaller scale throughout 
the sulphur zone. 

The main features of the dome are illustrated in the accompany- 
ing section (Fig. 2). The position of the top of the cap is established 
fairly definitely, and is so indicated. The limestone-and-sulphur 
horizon is shown merging into the anhydrite below. The limestone is 
hatched to the left, the anhydrite to the right, and the intermediate 
zone, which in some cases is sulphur ore and in others prac- 
tically barren anhydrite, is shown by the cross-hatched area. No 
attempt has been made to show the barren limestone layer above the 
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sulphur zone, the cap rock of the sulphur mine, because, in general, 
it is too thin to show on the drawing. Below the anhydrite is the 
great rock-salt core. 

A partial analysis of a sample from the sulphur-bearing zone 
is shownin Table I. The probable combination is approximated after 
correcting the analysis for the iron oxide introduced by pipe scale. 


MINERALS IN THE CAP ROCK 


Mineralogically the cap is extremely interesting, as economically 
it is of great importance, and it is far more complex in composition 
than first appears on cursory inspection. 

Sulphur —The sulphur occurs in massive form in layers and as 
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the filling of irregularly shaped cavities which sometimes are several 
feet in diameter; in little bunches, specks, and veinlets; and in beau- 
tiful orthorhombic crystals, lining vugs. The crystals sometimes oc- 
cur in the simple pyramidal form, but usually that is modified by a 
basal pinacoid and by a second pyramid or a brachydome. The 
color of the sulphur ranges from a bright canary-yellow in both the 
crystalline and massive forms to dark-brownish and greenish tints in 
the massive form. It is all extremely pure, and color is no indication 
of any appreciable percentage of foreign matter. 
Calcite.—Well-crystallized calcite constitutes a considerable per- 
centage of the sulphur-bearing zone and of the barren cap rock. It 
occurs as veinlets between bunches of sulphur, veinlets running in all 


TABLE I 


ANALYSIS OF SAMPLE OF Bic Hitt Car Rock FROM SULPHUR-BEARING ZONE 








Analysis Per Cent Probable Combination Per Cent 
Silica and insoluble......... rae) Silicarand msolulle sn susie: iB Zh 
Tron and aluminum oxides... 15.0 Calcium carbonate......... 48.1 
Calcium eres ceeoer ere 18.9 Magnesium carbonate...... 2.63 
WERE NESEION cso ac Hoado anbos 0. 65 Calciumisulphates eee 9.47 
 goaexs ORAM BRe TNE SCTE «Mea Fs 26.6 





directions through the limestone, and as the lining of vugs. It crystal- 
lizes both as rhombohedrons and scalenohedrons, and in color varies 
from colorless and white to amber. Some of the calcite has been re- 
crystallized. As limestone, it makes up the main body of the sulphur 
zone exclusive of the sulphur. The color of the limestone is usually 
gray. In some places the limestone, calcite, and sulphur are in mi- 
nute, parallel bands, interspersed with vugs lined by calcite and sul- 
phur crystals. In other places there is a distinct brecciated struc- 
ture with sharp, angular fragments of limestone cemented together 
by calcite and sulphur. Figure 3 illustrates this clearly. 
Anhydrite-—Anhydrous calcium sulphate constitutes about 95 
per cent of the rock mass between the sulphur zone and the rock salt. 
It also occurs throughout the sulphur-bearing horizon in a small 
amount, and can be recognized under the microscope. According to 
Tomlinson," its texture is crystalline; structure, bedded; origin, 


* Harold W. Tomlinson, Swarthmore, Pa., special investigation. 
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precipitate; and metamorphosis, dehydration and deoxidation. It 
consists of a mass of minute particles with pseudocubic cleavage, the 
whole having a sugary texture. Dr. J. A. Udden states that speci- 
mens showed an irregularly banded structure; that the bands of 
light-gray and gray anhydrite undulated and ranged in width from 
mere streaks to 15 millimeters in thickness; and that the light-gray 
mineral was more finely crystalline than the darker-colored. The 
chief impurities in the anhydrite are minute 
crystals of pyrite, small crystals and bunches 
of crystals of sulphur, and microscopic crystals 
of calcite. 

Strontium minerals.—Both celestite and 
strontianite occur in the sulphur zone and its 
cap rock. One piece of sulphur ore contained 
35 per cent celestite in small, perfect crystals: 
and another, ro per cent strontianite in small 
veinlets cutting through the calcite. As it is 
difficult to distinguish microscopically between 
calcite and strontianite in the same specimen, 
the estimate of 1o per cent strontianite may 
not be very accurate (Tomlinson). Granular 
pyrite occurs in some of the celestite crystals. 

Magnesium minerals.—Some magnesium is Ml Limestone 
present in the sulphur horizon, as much as Calais 
2.5 per cent in some specimens, but no mag- (___] Sulphur 
nesium minerals have been recognized. Anal- Been Cisse 
yses indicate a probable combination in the © tion of core. 
form of magnesite or dolomite. The percent- 
age of magnesium in no case is sufficient to justify applying the 
name ‘‘dolomite” to any part of the cap rock. 

Barite.—One specimen from the sulphur zone contained 3o per 
cent of barium sulphate. 

Sulphide minerals.—Pyrite, galena, and sphalerite have been 
found in the Big Hill cap rock. Pyrite is present through the cap 
rock from the top of the deepest anhydrite sampled. It occurs in the 
upper part of the cap in minute crystals, veinlets, and masses. In- 
dividual crystals in a few cases are large enough to be recognized by 
the unaided eye. 
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Galena is present in small crystalline bunches, associated with 
pyrite, in the limestone. One selected specimen assayed 0.53 per 
cent lead, equivalent to 0.6 per cent galena. Well-formed cubes of 
galena up to 2 millimeters were found also in some sandstone at a 
depth of 1,600 feet on the outer edge of the dome. 

Only one small particle of sphalerite, so far as known, has been 
observed. No assays have been made for zinc in specimens of cap 
rock, 

Quartz. —Fractional percentages of silica occur in the limestone 
and anhydrite. Limestone from the sulphur horizon digested in acid 
left perfect, double-pyramidal quartz crystals $ — 3'y millimeter in 


length (Udden). 
UNCONSOLIDATED SEDIMENTS 


The sediments above the cap rock can be classified as clays, 
sands, and marls. Dr. Udden made an exhaustive study of the logs 
of sixty-two wells drilled within the area of the Big Hill rock and the 
aggregate 60,000 feet of drilling represented by these reports were 
classified, according to the drillers’ terminology, as follows: 


TABLE II 


AGGREGATE THICKNESS OF Rock TypEs REPORTED IN SIXTY- 
Two Bic Hitt WELL RECORDS 


5 Total Feet Per Cent of 

Hormanon Drilled Total Drilled 
Gump ORs enen oe ee sheer Leer 30, 701 49.6 
Shalewnew ae sn loss Se oenieeaeee 8,865 14.3 
ClayRie auan craters ee 6,244 10.1 
DAN ier ns Reavis dora eee eae II, 304 18.4 
Gravel Reere set agen ee ee 874 I.4 
pol atl pea eet Were Wich ae reat, A 656 Tat 
TROCKA ie: hs. 4a re arene 3,148 5.1 

PL Otaliacrss. 7 serene eee era heehee lnc eeing es oy 





These are the main divisions, including such subdivisions under 
each heading as “gumbo and bowlders,” “clay and sand,” “shale, 
shell, and sand.” This summary is of interest because it shows the 
relative amounts of the various materials found in the supercap zone. 

Rock, as classified above, ranges from slightly hardened concre- 
tions through all gradations of sandy limestone and sand cemented 
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by lime. The total footage of rock shown does not lie in a few well- 
defined strata overlying the entire cap-rock area, but ina great num- 
ber of lenses, small in extent, and usually quite thin. Rarely does a 
rock stratum found in one well extend laterally 100 feet in any direc- 
tion. In the sixty-two wells, 406 beds of rock were reported. Their 
thickness and distribution are shown in Tables III and IV prepared 
by Dr. Udden. 

This shows that more than one-half the total amount of rock 
reported in these sixty-two wells is within 50 feet immediately above 
the cap rock. Any rock reported over 550 feet above the cap is in- 


TABLE III 


DISTRIBUTION AND THICKNESS OF ROCK IN SIXTY-TWO 
Bic Hitt WELLS 


Per Cent of |Total Footage of 


Distance above Sulphur in Feet Rock in Each | Rock in Each 
50 Feet Division 

BS Onn OOR aetalege wate sierohese isis ea © 0.3 Io 
BOORAG Os date leit Me arileiets auatals sos One 9 
AG OPAOO eyes hes teen's oekelets acahecersrecs Ong 12 
MOS~ONO aa noga6 GanUoSCUOCUBOOS 0.9 28 
OOO saise pints ketotiedayaderzie ops oeietoleys) 2) 86 
BOO 2G O lore actin a ettohs slishinanstanere aie: stirs 4.0 133 
BE Om 200s adsl shoe 9 Sasa s/ais wustetenels g.t 283 
2 HOG OMe ere gered otal er cvetheieacnethisas 18.3 569 
GOT OON ie eltona che wo teiet sass teh annieralot sr 12.8 309 
TOON OL fete sect iegtieget ner encore note its Y 369 
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significant in amount. These conditions are probably representative 
of the entire area of the dome. The distribution of thickness of in- 
dividual beds is given in Table IV. 

Of the numerous strata found in the hundred or more wells drilled 
on the dome, only three appear to be at all continuous. These are 
the surface clay, the shallow sand just under the surface clay, and 
the thick gumbo stratum immediately overlying the dome cap rock. 
The intermediate strata are flat lying and extend only short dis- 
tances, apparently not over 100 feet laterally. Apparently they are 
lense shaped, overlapping one another like shingles on a roof. Part 
of this seeming irregularity, no doubt, is due to the difficulty in log- 
ging correctly a number of thin strata drilled rapidly by the rotary 
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method and by different drillers; but there can be little question of 
the existence of great irregularity in the bedding of these recent de- 
posits. 

Considerable paleontological work has been done on the super- 
cap sediments, but though it is certain that the uppermost beds are 
Pleistocene, no definite opinions have been obtained regarding the 
probable dividing lines between the deposits of various ages. That 
some of the sediments overlying the dome are Pliocene, and possibly 


TABLE IV 
DISTRIBUTION OF THICKNESS OF Rock STRATA AT Bic HILy 
Per Cent of Total]Per Cent of Total 


Thickness of Individual Beds in Feet |Number of Beds|Footage Report- 
Reported (406) ed (3,563) 
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even older, is almost certain, for Pliocene beds are known to be rela- 
tively high in this part of the Gulf Coastal plain. The problem of 
distinguishing between the Pleistocene and Pliocene deposits in 
Texas is difficult," so it is not surprising that it has not been definitely 
solved at Gulf. The following tabulation shows some of the fossils 
found above the cap rock at Big Hill and the depths at which they 
were found. The determinations were made by the Bureau of Eco- 
nomic Geology and Technology, University of Texas, Austin: 


FOSSILS FROM THE SUPERCAP SEDIMENTS AT BIG HILL 


Depth Below Sea 


eveliunwpect Fossils Identified 
HOON cicgunes Ostracods, Chara fruit case, Rotalia-like Foraminifera less than 
3 millimeter in size 
UGOAUG 6 socas Rotalia-like Foraminifera, one Anomalina 
MIO OO, coon oc Fragments of barnacles, small pelecypod, smooth ostracod, 
gastropod, and Rofalia sp. and Polystomella cf. craticulata 
(Pliocene?) 


tJ. A. Udden, C. L. Baker, and Emil Bése, “Review of the Geology of Texas ”’ 
Bulletin 44 (1916), p. 121. 
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Depth Below Sea 


Wecelaatbect Fossils Identified 
MIO~ OTN, oan Shreds of lignitic material, pelecypods, minute Polystomella 
MSO, connec Thin mollusk-shell fragments, limonitic shreds of vegetal matter 
ENE SIS Ao ae Ostrea conglomerate consisting of shells imbedded in a marly 


matrix in part slightly indurated. Also Rotalia sp. and Poly- 
stomella sp., molds of large portions of Mytilus shells. (Might 
be Pliocene?) 


BHSANOOn con en Oyster-shell fragments, soft lignite 

SOKO, uno oe Pelecypods, gastropods, fish scales, teeth, Foraminifera includ- 
ing Rotalia, Polystomella, and Anomalina 

O40-050 qtr Barnacle-shell fragments, oyster shells, pelecypod shells, 


ostracod valves, Foraminifera resembling Rotalia, Polysto- 
mella (sp?) 

fPAOOs ocanne Barnacle fragments 

Se ects Fragments of oyster shells 


Little deep drilling has been done at Big Hill, and the structure 
of the surrounding beds, has not been established precisely. There is 
little doubt, however, that the lower beds dip in all directions away 
from the core at a high angle near the dome. Insufficient information 
has been collected to warrant any statements regarding the stratig- 
raphy of the deeper beds. These lateral sediments consist largely of 
gumbo and shale, to use the drillers’ terminology, with some marl 
and sandy marl. “Black shale,”’ similar to that at West Columbia, 
Damon Mound, and elsewhere, has been found here at depth. Ac- 
cording to Joseph A. Cushman, gumbo samples from about 1,600 
feet in one well on the edge of the dome contained Foraminifera 
strongly suggesting either Lower Oligocene or Upper Eocene, with 
the probabilities in favor of the latter. This would indicate a con- 
siderable uplift, perhaps 3,000 feet. 


AGE OF THE DOME 


Nothing can be stated with any degree of assurance regarding 
the geological history of this dome, although it is likely that all coast- 
al domes are of approximately the same age. If we accept the intru- 
sive origin of the domes as correct, the major movement at Big Hill 
probably occurred during the Pliocene. It is doubtful if any amount 
of exploratory work and scientific investigation would lead to a closer 
estimate. If the cap rock is of secondary origin as compared with the 
salt core, and the writer believes that it is, part of the deformation 
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of the later or Pleistocene beds may have been caused by its accumu- 
lation. The age of the cap rock is equally as indeterminate as that of 
the core, and its relative age is dependent on the mode of formation 
ascribed to it. If of secondary origin, it is of course younger than the 
salt core. If the caps of the various domes were first deposited as 
anhydrite and later hydrated to gypsum,’ where that mineral occurs, 
then the cap rock at Big Hill may be relatively young as compared 
with that at Damon Mound, for example, for no such hydration has 
taken place at Big Hill. If the anhydrite was formed by the dehydra- 
tion of gypsum, then the cap there apparently is old as compared 
with many of the dome caps. 


ORIGIN OF THE DOME 


The possible origin of Gulf Coastal salt domes is a subject that 
has been discussed at too great length to be given a comprehensive 
review here. It is generally recognized that the subject must be ap- 
proached from three standpoints: the cause of the uplift, the source 
of the salt, and the origin of the cap rock. The uplift has been at- 
tributed to the deposition of either the salt or of the cap rock, or, in 
part at least, to chemical changes in the cap rock after deposition. 
Little can be added to this discussion by any discovery made at Big 
Hill to date, except to state that the structure of the dome as a whole 
tends to strengthen the theory of salt intrusion? A handy reference 
for those who wish to make a detailed study of this problem is a com- 
plete tabulation of the theories advanced to date in the writer’s 
“The Origin of Salt Domes.’ 

The formation of the cap rock is undoubtedly secondary to the 
salt intrusion. Examined under the microscope, the cap-rock mate- 
rial proves to bea precipitate. But the presence of a warm, saturated 
brine makes it almost impossible to explain the deposition of gypsum 
from solution; and the compactness of the anhydrite suggests the im- 
probability of the formation of this great, massive sheet by dehydra- 


*Donald C. Barton, “The West Columbia Oil Field,” Bull. A.A.P.G., Vol. 55 
No. 2, (March, 1921), pp. 220 and 225. 

?G. S. Rogers, “Intrusive Origin of the Gulf Coastal Salt Domes,” Econ. Geol., Vol. 
13 (1918), No. 6, pp. 447-86. 

3“The Origin of Salt Domes, a Chronological Tabulation of Theories Thus Far 
Advanced,” Eng. and Min. Jour.-Press, Vol. 115 No. 9, (March 3, 1923), Pp. 412. 
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tion of gypsum. Anhydrite on the other hand is formed by precipi- 
tation from sea water at 86°F., or possibly over. The brecciated 
structure of the upper part of the cap rock, as described under “‘Cal- 
cite,” seems to indicate that the upthrust did not occur all at one 
time, but in successive movements that broke up the higher portion 
of the cap. Uplift followed by cementation by calcite and other min- 
erals precipitated from circulating solutions would have produced 
the structure noted. 

The original brine in the cap rock must have been very strong. 
A sample of the water coming from the mine in April, 1921, after 
fresh water had been pumped into the dome for two years, gave the 
following analysis: 





TABLE V 

Cre Per Cent 
Silicameerrns. pene oe he a2 IAI Alis eee monte een eke 40.65 
Caer sulphates eee ace 197.0 Barths tere ca. eae soe 9.35 
Tron and aluminum oxides... 0.6 HERON OE sh an onde 786% 48.67 
Calcium bicarbonate........ 19.0 Weaksacidsighen ee ccascin T8 
Calcmaychlorides parece 431.0 Primary salinity...... Be Sire 
Magnesium chloride......... 189.0 Secondary salinity 16.0 
Sodiumichloride s-4...2+«. 3,670.0 Secondary alkalinity....... Qa 

SPECHIGI OLAV Ye ase I.052 


OIL AND GAS 


The first well drilled into cap rock at Big Hill blew in a big 
“gasser.”? Most of this gas was hydrogen sulphide, but no analyses 
were made to determine what proportion was “‘sulphur gas” and how 
much petroleum gas. Subsequent wells produced considerable oil, 
all of it from the uppermost, cavernous part of the cap rock. This 
oil had a greenish tint, and was of the usual coastal gravity, about 
20° Baumé. 

The major production of oil was made before the end of 1905, 
and probably did not altogether exceed 500,000 barrels. During the 
years 1904 to 1907 inclusive, Matagorda County produced 203,580 
barrels.! It is certain, therefore, that the estimate of one-half million 
barrels is liberal. After the Texas Gulf Sulphur Company started 
operations in 1919, a few old wells and one new prospect well in the 


« The Manual for the Oil and Gas Industry (revised to 1921, Treasury Dept. U. S. 
Int. Rev.), p. 218. 
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cap rock flowed a small amount of oil, and created a mild excitement 
among the uninitiated. This flow was nothing more than the “dying © 
gasp” of the dome as a producer of cap-rock oil. The great quantity 
of hot water forced into the sealed structure of the dome lifted the 
remaining portion of the oil to the top and out through these open 
holes. All these wells soon went to water. 

An idea still persists that improper handling of one or more of the 
cap-rock wells in the early days allowed a sudden incursion of salt 
water, which materially reduced the possible production of the field. 
The writer is quite certain that this theory is wrong. The salt water 
of the dome simply followed the oil as it was being withdrawn from 
this reservoir, and made its appearance in the walls when the lighter 
fluid was exhausted. Today there probably does not exist in the en- 
tire cap rock sufficient oil to fire a “pot” for one more shallow test. 

Early failure of Big Hill to prove a second Spindletop, and the 
subsequent development of the great sulphur deposit, have both 
served to retard deep oil-well drilling and to distract attention from 
the possibilities of producing deep oil. Perhaps twenty wells, all told, 
have been drilled outside the cap-rock area to depths reported as 
ranging from 1,000 to over 3,000 feet. These wells were scattered 
over a large area, and the fact that no great oil discovery has been 
reported does not militate against the possibility of such a discovery 
in the future. Some of these wells were drilled during the early devel- 
opment of the oil field, and it is probable that the reported results are 
inaccurate, and also that the full possibilities of the areas tested are 
not exhausted. 

The only oil production from lateral sands was made from two 
wells on the southeast slope of the dome in the Gulf townsite. These 
wells produced a few hundred barrels of the average coastal gravity, 
and then went to salt water. This production has been grossly over- 
estimated by rumor. The oil may have come from a small pool that 
was trapped there by a late domal movement while seeping along 
some fault crack from a deep-seated source, possibly a black shale, 
toward the main reservoir in the cap rock. 


SULPHUR 
Many salt domes have produced oil, but to date only four have 
produced sulphur. Because of the tremendous importance of sulphur 
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to civilized man, the great deposit at Big Hill—or Gulf, as we must 
now call it—is of far greater moment than any amount of petroleum 
that ever could be produced there. 

Origin of sulphur.—Sulphur deposits in general are formed by 
either volcanic or hot-spring activities, or are found in close associa- 
tion with limestone, gypsum, and anhydrite in sedimentary beds. 
The world’s greatest sulphur bodies, those of Sicily and the Gulf 
Coastal region of Texas and Louisiana, belong to the latter class. As 
these two groups are similar in many respects, as the Sicilian deposits 
have been the subject of intensive study for many years, and as rela- 
tively little is known about the coastal dome formations, we are 
forced, in any discussion of the subject of the origin of these beds, to 
consider the theories advanced for the formation of the Sicilian sul- 
phur bodies as applying to those of our salt domes. The European 
mines are operated by means of open cuts and underground workings 
which afford ample opportunity for study, but we must content our- 
selves, in the case of salt domes, with the meager samples brought up 
by the core barrel. 

The following paragraph from the description of the Sicilian de- 
posits by O. Stutzer* might have been written about the sulphur ore 
at Gulf: 


The parallel sulphur bands of these occurrences consist chiefly of compact 
sulphur. Occasionally they exhibit on their upper surface hollow spaces into 
which calcite crystals project. Sulphur crystals have also formed on this com- 
pact sulphur along these cavities. The hollow spaces, bordered below by sulphur 
and above by a layer of calcite, together with their accompanying crystals, 
have originated through secondary solution and redeposition. The beautiful sul- 
phur, gypsum, and celestite crystals which the Sicilian mines have contributed 
to the mineralogical collections of the entire world are likewise secondary 
products, which have formed later along fissures. 


It is now almost universally accepted that the sulphur was the 
result of the oxidation of hydrogen sulphide according to the reac- 
tion: H,S+O=H,0+S. Also, that the hydrogen sulphide was de- 
rived from the decomposition of organic material, or from the reduc- 
tion of inorganic sulphates by means of organic substances. In the 
case of the salt domes, as with the Sicilian deposits, the great masses 


1 “The Origin of Sulphur Deposits,” from an article on sulphur in Die Wichizgsten 
Lagerstatten der Nicht-Erze from translation by W. C. Phalen, Berlin: Borntraeger 
Bros., 191i. 
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of gypsum or anhydrite present make it appear most probable that 
the sulphates of calcium supplied the sulphur. 

In discussion of the derivation of hydrogen sulphide from calcium 
sulphate—a complex question—several methods of derivation must 
be reviewed. Bischof* proposed the following reactions: 


CaSO,+2C =CaS+2CO, 
CaS-+CO,+H,0 =CaCO,+H,S 
H,S+0=H,0+S 


To quote Lindgren? 

The objection to this scheme would be that the sulphur is evidently often 

formed at depths of several thousand feet, and that the presence of much 
oxygen at such depths would be impossible; more likely the hydrogen sulphide 
generated from the gypsum reacts upon calcium carbonate, resulting in second- 
ary gypsum and sulphur. 
As some of the domes, at least, are open to the circulation of unlimit- 
ed quantities of artesian water which might carry oxygen and carbon 
dioxide in solution, the foregoing objection is overcome. The im- 
mense excess of calcium sulphate over all other minerals of the cap 
rock combined appears to make the secondary reaction suggested by 
Lindgren impossible. 

Riesenfeld’ states that the reaction between gypsum and carbon 
below 500° C. proceeds very slowly, but is fairly rapid above 700° C., 
the reaction taking place according to the equation: 


CaSO,+3C =CaS+CO,+2CO. 


Similar results were obtained with the sulphates of strontium and 
barium, while the indifferent behavior of magnesium sulphate is ex- 
plained by the heats of reaction. He also claims that CaS cannot be 
decomposed according to the equation (equilibrium): 


CaS+H,0+ CO; to CaCO,+H;S, 


since CaS is formed to a considerable extent at temperatures such 
as 700° C., at which the equilibrium is sufficiently rapidly attained. 
*G. Bischof, Chemie und Physikalische Geologie, Vol. 2 (1851), pp. 144-64. 
2 Waldemar Lindgren, Mineral Deposits (1919), p. 384. 
3 E. H. Riesenfeld, Jour. Prakt. Chem., Vol. 100 (1921), pp. 115-58. 
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The reduction of gypsum by methane in experiments took place 
according to the equation: 


CaSO,+CH,=CaS+CO,-+ 2H,0. 


Dehydration of gypsum occurred below 800° C. Some calcium oxide 
was formed above 1,100° C., probably according to the equation: 


CaS+H,0=Ca0O-+-H,S. 


An excess of steam favored the complete removal of sulphur at 1,200°- 
1,300° C.; the sulphur was obtained as sulphur dioxide or free sul- 
phur; the latter predominated in a slight excess of water, due partly 
to dissociation of hydrogen sulphide and partly to its reaction with 
water vapor. 

The carbon involved in the reduction of the sulphate might be 
derived from petroleum. Another process of reduction was advanced 
by Hoppe-Seyler™ whereby methane is the reducing agent according 
to the probable reaction: 


CH,+CaSO,=CaCO;+H.S+H,0. 


Kreummer and Ewald? stated that the walls of a cavity in gyp- 
sum in the Baringhausen mine showed alteration to calcite and im- 
pregnation with bitumen to a depth of several centimeters, and 
were covered by numerous sulphur crystals. Gases in the cavity 
were hydrocarbons and a trace of hydrogen sulphide. Sulphur was 
formed evidently by the reactions: 


CaSO,+-CH,=CaCO,+H,S+H,0 
H,S+O=H,0+S 


It is quite easy to conceive that methane in quantity might have 
existed in the sealed dome at Gulf, where some oil was present. One 
objection to the carbonaceous reduction theory is the high tempera- 
ture necessary to the reaction. It is within the bounds of reason, 
however, to assume that great heat was produced by upward move- 
ments of the salt plug. 


t Zeitschrift fiir Physiol. Chemie, Bd. 10 (1886), S. 401. 
2A. W. Kreummer and R. Ewald, Centr. Min. (1912), pp. 638-40. 
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Another method proposed for the derivation of hydrogen sul- 
phide from calcium sulphate is by bacterial reduction. Certain mi- 
cro-organisms, anaerobic bacteria, reduce sulphates and liberate 
hydrogen sulphide. The first exhaustive study of sulphate-reducing 
bacteria was made by Beyerinck.' A thorough exposition of this the- 
ory is given by Hunt? in his paper, ‘““The Origin of the Sulphur De- 
posits of Sicily.”” To quote from this work: 

Such a bacterial reduction theory, with its accompanying chemical reac- 

tions, would explain the presence of disseminated and banded sulphur in the 
limestone, the unusual absence of the sulphur-limestone rock in the gypsum 
above, and the formation of the sulphur at normal temperatures and under 
conditions which would confine its formation and deposition to these land-locked 
basins. 
This might well apply to the Sicilian deposits which could have been 
formed in shallow lagoons; but to attribute this mode of sulphur for- 
mation to our coastal dome deposits would necessitate a return to 
one of the apparently untenable theories of the building up of the 
salt structure concurrently with the surrounding sediments. 

According to studies by Baker, the oxidation of hydrogen sul- 
phide where oxygen is in excess, as at the surface, is complete, and 
sulphuric acid results; but below the surface, where oxygen is defi- 
cient, sulphur is liberated. 

Another tentative theory that has been advanced may be ex- 
pressed in the following equations: 

2CaSO,+ 4C = 2CaS+4CO,, 


or 
2CaSO,+8C = 2CaS+8CO. 


These reactions could take place outside the dome area. Water 
might then take the calcium sulphide into solution: 


2CaS+ 2H,0 =Ca(SH),.+Ca(OH)., 


the hydrate precipitating and the calcium hydrosulphide remaining in 
solution until it comes into contact with water charged with carbon 
dioxide, when it would be precipitated: 


Ca(SH),+CO,+H,0 =CaCO,+ 2HLS. 


tW. M. Beyerinck, Centralbl. f. Bakt., 2d Abt., Vol. 1 (1895), pp. 49, 104. 
? Walter F. Hunt, Econ. Geol., Vol. 10, No. 6, pp. 543-79. 
3G. F. Baker, Monograph, U.S. Geol. Surv., Vol. 13 (1888), p. 576. 
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The hydrogen sulphide would then have to be oxidized, with the 
formation of water and the liberation of sulphur. Considerable 
chemical research is necessary to prove even the possibility of this 
theory. 

One almost insurmountable argument in favor of the theory 
that the sulphur was formed in place from the reduction of calcium 
sulphate, with the resulting formation of calcium carbonate and na- 
tive sulphur, is the relative proportion between the calcium carbon- 
ate and the calcium sulphate and the sulphur, as shown by a series 
of analyses of the sulphur body at Gulf from various depths. The 
carbonate increases and the sulphate decreases with an increase in 
the amount of sulphur present. 

Minor structural details of the sulphur body could be explained 
by the breaking up of the rock due to upward movements of the core, 
alteration of the calcium sulphate in place, and the deposition of 
calcium carbonate and sulphur in the interstices. Slight movements 
tending to fracture the top of the cap might have taken place coin- 
cidently with the formation of sulphur. The finely laminated part 
of this deposit, where the layers of limestone, calcite, and sulphur 
alternate, might conceivably be due to the banded structure of the 
anhydrite and the variation of its texture in these bands. 


SAMPLING 


Although sulphur is extracted from the deposit through wells 
like those drilled for petroleum, its recovery is essentially a mining 
process; to carry on successful operations, therefore, it is neces- 
sary to know the grade of the ore. Sulphur sampling in general is 
accomplished by drilling wells to the cap rock, and then recovering 
the portion of the sulphur-bearing formation drilled through, by one 
of several different processes, such as completing the hole with water 
instead of mud as the circulating medium and catching the cuttings; 
by reversing the flow, with or without the addition of extra water, 
and collecting the cuttings; or by coring. 

At Gulf the well drilled for sampling is first sunk to cap rock by 
the usual rotary method. A core is taken to make sure of the char- 
acter of the formation.. Casing is set on rock to cut off all material 
from above, and all mud is washed from the hole. 

Because of the porous nature of the deposit, much of the cuttings 
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and drilling water would be lost if the water forced down through the 
drill stem were relied on for “returns.” Coring is also unsatisfactory, 
because of the friable nature of the minerals. These conditions make 
it necessary to reverse the flow in the well, drawing the cuttings as 
fast as they are formed, along with the drilling water, up through the 
drill stem. This is done by means of an air lift within the drill pipe. 

A hole is drilled in the top of the goose-neck of the swivel, and 
around it a seat is machined for a light swivel which supports the air 
line. From 250 to 300 feet of $-inch galvanized pipe, with left-hand 
threads, is run into the stem, and the air line is connected with any 
source of compressed air under 120 pounds pressure. The ordinary 
fish-tail bit is used, but with holes enlarged to 1} inches to reduce 
the possibility of clogging by large cuttings. As a rule, no water is 
needed; sufficient comes in from the formation. When necessary, 
it is run into the top of the casing. As drilling proceeds the com- 
pressed air released into the 4-inch line forms an air lift inside the 
drill stem and the cuttings are drawn into the stem through the holes 
in the bit and forced out through the hose leading from the goose- 
neck of the swivel. These cuttings are carefully collected on a screen 
and in a series of settling boxes fitted with baffles in such a manner 
that even the finest cuttings are forced under the surface of the water 
and saved. 

This method of sampling sulphur-bearing.rock was developed 
by Spencer C. Browne, a mining engineer of New York City, during 
the early exploration of the sulphur deposit at Bryan Mound, 
Brazoria County, Texas. The advantages of the method are 
rapidity, accuracy, and flexibility. Samples from any footage of the 
formation can be taken, and the cuttings of each sample can be kept 
separate by allowing sufficient time for the hole to wash clean. Sam- 
ples are first carefully dried on a water-bath so as not to fuse any of 
the sulphur, and are then cut down, and assayed. The reject is saved 


for future reference. 
SULPHUR-MINING 


Herman Frasch in 1891 invented the process of extraction now 
used in all Gulf Coastal sulphur mines. It embodies the ideas of 
melting the sulphur in the ground by means of superheated water, 
and raising the sulphur in a molten state to the surface of the earth. 
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Pumps were first used for the latter purpose, but were soon replaced 
by compressed air. 

Economic and large-scale extraction of sulphur by this process 
can be carried on only where a big sulphur deposit of good grade 
occurs under favorable geological conditions. In addition to the 
natural requirements, a boiler plant of large horse-power, together 
with water heaters, high-pressure pumps, and air compressors are 
necessary to supply the enormous volume of hot water under pres- 
sure, and the compressed air; as well as drilling equipment and a 
thoroughly trained crew to sink, equip, and operate the sulphur 
wells. 5 

At Gulf, a well is sunk rapidly to cap rock; a carefully drawn cap- 
rock contour map aids materially in predicting where it will be 
struck. Eight-inch casing is set, and the hole is drilled to the bottom 
of the sulphur-bearing formation. The well is then ready for the 
equipment, which consists of a 6-inch, a 3-inch, and a 1-inch line, all 
set concentrically, and connected with each other above the surface 
by expansion joints. 

Two groups of holes are drilled in the 6-inch pipe, near the bot- 
tom and a few feet apart. The lower group constitutes the sulphur 
“strainer,” where the molten sulphur flows into the pipe, and it is so 
placed that it will be at the very bottom of the sulphur pay. The 
upper group of holes serves as an outlet for the hot water. Between 
these two groups of holes is a seat that supports the string of 3-inch 
pipe. The 1-inch pipe is supported from the top, and extends to 
within approximately 20 feet of the bottom of the 3-inch string. 

In “steaming” a well, water heated in the plant to about 325° F. 
is forced down between the 3-inch and 6-inch pipes under 95-250 
pounds’ pressure. The sulphur melts and runs to the bottom of the 
well, as its specific gravity is about twice that of the water. From 
there, it is forced part way up the 3-inch pipe by the water pressure, 
and elevated to the surface by compressed air under 500 pounds’ 
pressure, which is released from the bottom of the 1-inch line. Under 
certain conditions, some wells will pump steadily while “taking 
water’; others will not. When the molten sulphur ceases to “pump,” 
the water comes up through the 3-inch pipe and flashes into steam. 
The well is then said to “blow.” Air is cut off, and water alone must 
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be pumped into the well for a number of hours until more molten 
sulphur has collected at the strainer. If the well then pumps sulphur, 
it is said to have ‘‘sealed.’’ While the well is not pumping sulphur, 
water can be forced in through the 3-inch pipe as well as through the 
6-inch and accelerate the melting process. 

The liquid sulphur is conducted from the wells to the vats 
through pipes fitted with an inner steam pipe. The vats are built 
of lumber and are of light construction, as the sulphur solidifies al- 
most as fast as it is run into them. The vats vary in size, but are now 
built up to about 50 feet in height. A single vat at Gulf contained 
at one time about one million tons in a single block. When a vat is 
filled, the wood forms are torn down. Vertical holes are drilled sev- 
eral feet back from the face by a specially designed, light rotary rig. 
The holes are sprung with light charges of dynamite, and then shot 
with heavier charges. Electric firing is employed. The broken sul- 
phur is loaded into gondolas by locomotive cranes, and into box cars 
by cranes and Ottumwa box-car loaders. The details of handling sul- 
phur after it is won from the earth is beyond the province of this 
paper. 

The mine-water heating plant contains fourteen Sterling water- 
tube boilers of 702 horse-power each, eight jet-type water heaters, 
thirty-four duplex slide-valve pressure-pumps, and six Laidlaw- 
Dunn-Gordon compressors. The boilers supply steam to the water 
heaters, to the’ compressors, turbo-generators, and the various 
pumps. One-half the pressure-pumps force water into the heaters 
against the steam pressure of the boilers, and the other half, called 
the “booster pumps,”’ send the water to the wells under pressures up 
to 250 pounds when necessary. The heaters raise the temperature of 
the mining water to nearly the temperature of live steam under 95- 
105 pounds, pressure, approximately 325° to 335° F. 

The plant was designed with the expectation that it would pro- 
duce 1,000 tons of sulphur per day. This anticipation was based on 
the results of the older sulphur-mining installations. But as a matter 
of fact, five times this amount has been produced. This phenomenal 
success is due in part to a careful study of every phase of the mining 
problem, especially of the principles of thermo-dynamics involved, 
and the application of every economy and simplification in the pro- 
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cess. ‘Too great credit cannot be given the efficient executive and 
technical control of the operations. A more important reason for 
the unexpected success in mining operations is the existence of an 
enormous deposit of sulphur surrounded by almost ideal structural 
conditions. The deposit lies at a depth from which it is not difficult 
to elevate the sulphur to the surface. Its entire top is overlaid and 
effectualiy sealed on that side by a thick stratum-of gumbo; the 
enormously thick bed of barren anhydrite serves the same purpose 
below. Any hot water forced into this sulphur-bearing zone is 
trapped, and must give up a large part of its heat. As the same vol- 
ume of water introduced must be drawn off, ‘‘bleed wells”’ are drilled 
around the outer edge of the deposit and draw the waste water from 
a deeper and cooler zone than that in which the sulphur is being 
melted. 

After sufficient sulphur has been removed from any given area, 
the porous rock remaining breaks down under the weight of the over- 
lying sediments, and the gumbo flows into the cavity. This move- 
ment is manifested by a subsidence of the surface, and is a desirable 
action, because the volume once occupied by sulphur is filled by rock 
and gumbo, and the quantity of water required to fill the reservoir is 
reduced; furthermore, the hot water, restricted in its flow, is forced 
to circulate where a large part of its heat will be utilized in melting 
sulphur. The subsidence is slow and uniform, and progresses with- 
out shock, on account of a great preponderance of unconsolidated 
strata between the sulphur pay and the surface. If the barren lime- 
stone, the sulphur-miner’s cap rock, immediately over the sulphur- 
impregnated limestone, were thick and capable of supporting great 
weight, the subsidence might conceivably take place at long intervals 
and with great violence, or not at all. Due to the relative thinness 
of the barren, but porous, limestone “‘cap,”’ not much hot water is 
wasted in filling this part of the underground reservoir. 


IMPORTANCE OF SULPHUR 


Although the Gulf Coastal area is an oil-producing region of con- 
siderable importance, it does not supply more than about 5 per 
cent of the average daily output of the United States, and the loss 
of this quantity would not be a disastrous blow to the commercial 
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activities of the United States. Not so with sulphur, however. The 
three great coastal sulphur-mining companies of Texas and Louisiana 
furnish over 99 per cent of this mineral produced in the United States 
and, in round figures, 75-80 per cent of the world’s production. 
Table VI shows the output of sulphur by the major contributing 
countries, and the movements of sulphur; and demonstrates quite 
clearly the domination of the sulphur industry of the world by 
these Gulf Coastal mines. 


TABLE VI 


WoRrLbD-PRODUCTION AND CONSUMPTION OF SULPHUR* 


PRODUCTION Exports AND ImporRTS 

US. Tealy. Japan ere US. WWASE Italy 

Long T Met. T. et. T. tees pxpors rae T Meer: 
HOOGME 273,983] 402,353 CO Say DISS ASA |e oo oid obo 26,014 | 364,953 
EQRO: rear: 247,060] 397,808 | 43,848 | 250,919] 30,742 | 28,647 | 395,944 
LODE eters 205,006] 376,161 52,004 252) 705m zonkOs 24,250 | 456,227 
IQ12..... 787,735) 356,555 | 55,005 | 305,390] 57,736 | 26,885 | 447,590 
1913...-. 491,080] 345,548 | 59,481 | 319,333} 89,221 | 14,636 | 414,716 
TQT4.1. css 417,090] 334,974 | 75,308 | 341,985] 98,163 | 22,810 | 338,308 
IQI5. 520,582} 319,260 | 73,369 | 293,803] 37,271 | 24,647 | 359,806 
I916.....] 649,683] 233,835 | 108,100 766,835] 128,755 21,510 | 396,035 
IQI7.....|1,134,412] 177,453 | 117,990 |1,120,378] 152,736 973 | 162,971 
1918... . 11,353,525] 194,585 | 64,696 |1, 266,709] 131,092 55 | 230,769 
IQIQ.....|1,190,575| 181,744 | 67,382 | 678,257] 224,712 77 | 147,286 
1920..... 1,255,249] 224,247 | 21,147 |1,517,625| 477,450 44 | 189,878 
TQ2T 2 oh 1,879,150] 240,089 | 33,106 | 954,434] 285,762 4 | 105,542 
LO 22 terete Epo 300421003171, OLN | a erereeeners 1,343,624] 485,664 7,960 | 137,352 


*Mineral Industry, Vol. 31. New York: McGraw-Hill Book Co., 1922. 


A broad division of the industries using sulphur as a direct con- 
stituent of their finished products or as a reagent in their manufac- 
ture may be made as follows: 

. Acids and chemicals 

. Acid phosphate 

Paper 

. Agriculture (other than acid phosphate) 
. Rubber 

. Galvanizing 

. Explosives 


SI An WDND A 


Sulphur is of considerable importance to the petroleum industry 
in the form of sulphuric acid used in the process of refining. An enu- 
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meration of all the articles indispensable to the petroleum industry 
that require sulphur in their process of manufacture is out of the 
question here, to say nothing of the innumerable things used every 
day by the average man; but one may be so bold as to say that the 
world today could as easily get along without petroleum as without 
sulphur. On the other hand, petroleum solved the problem of cheap- 
er fuel for the sulphur industry, and made it possible for the Frasch 
process to succeed; so the two great industries are mutually indebted 
to one another. 

Since 1919, Gulf has played a tremendous part in adding to the 
giant sulphur output of the United States, and ranks foremost today 
in potential production. With its reserves of many millions of tons, 
Big Hill, Matagorda County, Texas, will continue for years to be one 
of the dominating factors in the sulphur industry of the world. 
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THE SALT DOMES OF SOUTH TEXAS" 
DONALD C. BARTON? 


ABSTRACT 


Tn south Texas, there are three known salt domes, Palangana, Piedras Pintas, and 
Falfurrias; three possible domes, Sal del Rey, Sal Vieja, and Chapefio; and two much 
less probable domes, Smith Corkill and La Lomita. The structure of Palangana, fairly 
well known from drilling, is that characteristic of an American salt dome, and is distinct- 
ly reflected in the topography. Palangana has no production. At Piedras Pintas, the 
salt and cap have been drilled into, but not much is known in regard to the structure of 
the dome. Piedras Pintas has a small, shallow oil field. Both domes gives evidence of 
the very great upthrust of the salt. On the basis of the evidence afforded by the German 
salt domes, the origin of salt domes is the plastic deformation of sedimentary salt beds. 
The origin of salt domes is the plastic deformation of sedimentary salt beds. The origin 
of the cap, such as is present at both Palangana and Piedras Pintas, has not been satis- 
factorily explained, although several plausible theories have been proposed. At Falfur- 
rias, the salt has not been encountered, but the presence of a characteristic salt-dome 
mound and characteristic cap rock indicate the presence of a salt dome. Sal del Rey and 
Sal Vieja are saline lakes whose topography in a general way is similar to that of a cen- 
tral-depression type of salt-dome mound. The lakes, however, are more probably due 
to wind activity with concentration of normal surface waters in the wind-scooped basins. 
Chapefio suggests salt-dome structure in the presence of sulphur deposits. La Lomita is 
a mound near the Rio Grande, and Smith Corkill is a group of chalcedonic knobs. 


INTRODUCTION 


In south Texas there are three known salt domes, Palangana, 
Piedras Pintas, and Falfurrias; and several possible domes, Sal del 
Rey, Sal Vieja, Chapefio (over the border in Mexico), and less prob- 
ably Smith Corkill and La Lomita, which have some of the surface 
aspects of domes, but which are not proven domes (Fig. 1). Piedras 


Pintas and Falfurrias have long been known, but have not been well 
described. 


SOURCES OF INFORMATION 


Information concerning the south Texas domes and possible 
domes was obtained by personal work in the field by the author in 
the case of Palangana, Piedras Pintas, Falfurrias, Sal del Rey, Sal 
Vieja, detailed work by his assistant, O. H. Eichelberger, around 
Sal del Rey and Sal Vieja; descriptions by various geologists in the 

* Published by permission of the Rycade Oil Corporation, Houston, Texas. 

? Chief Geologist, Rycade Oil Corporation, Houston, Texas. 
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case of Chapefio; Mr. Deussen’s report and descriptions by several 
geologists in the case of Smith Corkill; and Mr. Trowbridge’s paper 
and descriptions by several geologists in the case of La Lomita. The 
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Fic. 1.—Sketch map showing position of the south Texas salt domes 





author is indebted to the geological departments and geologists of 
the Sinclair Oil and Gas Company, the National Oil Company, the 
Empire Gas and Fuel Company, the Humble Oil and Refining Com- 
pany, for well logs at Palangana and Piedras Pintas; and to Miss 
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Alva Ellisor, paleontologist of the Humble Oil and Refining Com- 
pany, for stratigraphic data based on micropaleontological work; to 
David Donoghue for the data regarding the early history of Piedras 
Pintas; and to A. G. Wolff of the Texas Gulf Sulphur Company, to 
the Union Sulphur Company, and to A. H. Smith for the data re- 
garding the development during 1924. 


PALANGANA AND PIEDRAS PINTAS 
INTRODUCTION 

Location.—Palangana and Piedras Pintas are in the east central 
part of Duval County, about 110 miles due south of San Antonio, 
and about halfway between Laredo and Corpus Christi. Piedras 
Pintas lies at Noleda station, about 2 miles north-northeast of the 
small town of Benavides on the Texas Mexican Railway. Palangana 
is about 6 miles north of Benavides and 4 miles north-northwest of 
Piedras Pintas. Both domes are best reached by the Texas Mexican 
Railway, from Laredo, Robstown, or Corpus Christi to San Diego, 
which lies 15 miles east of the domes, or to Benavides, or from Lar- 
edo, Corpus Christi, or Robstown by automobile. There is a hotel at 
San Diego, and a railway eating-house with a few beds at Benavides. 

History.—The Piedras Pintas shallow oil field is one of the oldest 
salt-dome oil fields. In August, 1900, a shallow-dug well on the 
Tinney tract, making a small amount of oil, and a 16-foot well cased 
with 2-inch pipe, making gas, attracted the attention of A. C. Hall, 
an oil operator at Corsicana, who leased the area surrounding the 
wells. In April, 1901, the American Well and Prospecting Company 
and Guffey and Galey took over the leases and later in the year 
started a cable-tool test (the Maybee well?). In 1902 the cable tools 
were replaced by a rotary, and Lawson and Cleary started a well on 
an adjacent 45-acre tract. In 1903, the Guffey and Galey well was 
abandoned at a depth of 800 feet; their leases were taken over by 
the Texas Company; and small production was established on the 
Lawson and Cleary 45-acre tract. In 1904-5, the Texas Company 
and the American Well and Prospecting Company deepened the 
Guffey and Galey well to a depth of 1,506 feet and finally abandoned 
it 150 feet into the salt. Shows of oil were had at 350, 700, and 1,040 
feet and a show of sulphur at 1,000 feet. Desultory exploitation of 


THE SALT DOMES OF SOUTH TEXAS e 72% 


the shallow productive sands has continued to the present time. In 
1917, the Empire Gas and Fuel Company started their deep Becker 
test, which was finally abandoned in 1921. In 1922, the Humble Oil 
and Refining Company started deep drilling on the southeast flank 
of the dome; and during the latter part of 1923 and during 1924, the 
Union Sulphur Company drilled four tests for sulphur and com- 
pleted one of them as a small oil well. 

Palangana was discovered in 1916 by the Empire Gas and Fuel 
Company, which drilled its Singer No.1 in 1916-17. The Sinclair Oil 
and Gas Company then drilled three wells: Schallert Nos. 1 and 2, 
which went into the salt on the top of the dome, and Gravis No. 1, 
three miles east of the dome, which encountered only a normal sec- 
tion. In 1919 the National Oil Company drilled into the salt on top 
of the dome and then moved eastward with a series of wells, until 
their No. 4 defined the eastern limit of the salt. Late in 1920, E. F. 
Simms and Company drilled into the salt on the southern part of the 
top of the dome and then made a location to the south off the salt 
for their No. 2. In 1922 the Humble Oil and Refining Company took 
over the Simms leases, completed the No. 2 well, and drilled three 
additional wells on the southwest flanks. In 1923 Smith e¢ al., dril- 
ling a shallow test on top of the dome, discovered considerable sul- 
phur. In 1924, the Texas Gulf Sulphur Company drilled 25 tests 
and the Union Sulphur Company 3 tests for sulphur. 


PHYSIOGRAPHY 

Regional Physiography.—The physiographic province in which 
the salt domes of south Texas occur is designated as the Gulf coastal 
plain. In south Texas it consists of the coastal prairie, a flat prairie 
rising gently from the coast to an abandoned shore which, according 
to Deussen, runs through Beeville and San Diego; a rolling upland 
which extends inland from this shore line to the Reynosa (Bordas) 
escarpment; and a lower plain which rises inland to a more indis- 
tinct cuesta. The coastal prairie in general is in extreme youth, but 
near the coast, in the vicinity of Corpus Christi and Kingsville, is 
broken by deeply re-entrant bays and by considerable dissection. 
South of Falfurrias there is much minor relief due to wind activity. 
The coastal prairie is open and grassy near the coast, but elsewhere 
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in south Texas is covered with a dense growth of mesquite, which, 
however, has grown within the memory of the older inhabitants. 
The upland surface consists of rolling hills and wide, shallow valleys 
with a fairly well-organized system of drainage. On account of the 
semi-arid climate, the streams are intermittent. The Reynosa (Bor- 
das) escarpment is upheld by the limestones and calcareous con- 
glomerates of the Reynosa formation. 

Within the upland, there is a subordinate cuesta formed by a 
phase of the Reynosa. The scarp of this cuesta comes in from the 
southwest, and south of Benavides bends eastward to become the 
south scarp of the Santa Gertrudis Valley. A mile (13 km.) east of 
Noleda, the north valley scarp bends northward to become the 
cuesta scarp and takes a northwesterly course concave around the 
Piedras Pintas dome and convex around the Palangana dome. West 
of the cuesta scarp, the general level of the hilltops is around 400 
feet (120 m.), and that of the valley bottoms is 350-375 feet (105- 
113 m.) above sea-level. The upland level is around soo feet (150 
m.). In the general vicinity of Palangana and Piedras Pintas, this 
upland is deeply incised by San Diego and Santa Gertrudis creeks 
and their tributaries. 

Phystography of the Domes.—The salt domes of the coastal group, 
where surface expression is present, have a surface mound which is 
very nearly the shape of an inverted washbasin, or of such an invert- 
ed basin with a depression in the center. In the case of the interior 
domes, surface expression takes the form of a ring or rings of hog- 
backs around a central mound or a central depression. 

The surficial expression of the Palangana salt dome is a circular 
ring of low hills surrounding a central circular basin (Fig. 2). The 
diameter of the floor of the basin is 8,000 feet (2,400 m.). The diam- 
eter of the ring of hills, the crests of which rise 50-80 feet (15-24 m.) 
above floor of the basin, is 15,000 feet (4,500 m.). On the east and 
the west, the broad, flat-topped hills of this circular rim slope rather 
quickly down to the level of the western lowlands. On the north- 
west, north, and east, they are separated from the uplands of the 
cuesta by an incomplete ring of valleys concentric with themselves 
and with the central basin. On the northeast, they slope steeply 
down into the valley of the Taranchua. The floor of the basin is not 
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Fic. 2.—Topographic map of Palangana and Piedras Pintas 
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a simple plain, but is divided on a north-south line through the center 
by a pair of low, shallow ridges. The basin is drained by a valley 
which breaches the rim on the southwest and empties into Piedras 
Pintas Creek. 

Three hypotheses can be brought forward to explain the present 
surficial expression of Palangana: (1) It is the result of the warping 
of the present general land surface. (2) It is the result of differential 
erosion of beds already having a domed structure. (3) The central 
basin is due to collapse of the surface consequent upon the solution 
of the top of the salt core. This hypothesis is really a modification of 
either of the two preceding hypotheses. 

The evidence favors the second hypothesis in preference to the 
first. The crest of the hills around the basin are broad and flat- 
topped, and except where evidently lowered by erosion, rise to the 
general level of the upland surface to the northwest and the east. 
From the Empire Gas and Fuel Company’s Palangana No. 1 well 
eastward there is a drop in 6,000 feet (1,800 m.) of only 5 feet 
(1.5 m.) From the northwest crest northwestward, there is in the 
same distance no drop, and in a slightly greater distance there is a 
slight rise. Furthermore, the flat-topped surface of the crests of the 
rim is separated from the upland surface by valleys which give every 
evidence of being erosional. This flat-topped surface of the rim 
seems to be a remnant of the general upland surface. A doming of 
that surface amounting to 10-15 feet (3-5 m.), or slightly less than 
the doming of the surface over such salt domes as Hockley and Hull 
and greater than that over the salt domes at Pierce Junction and 
North Dayton, might, however, be extremely difficult, if not impos- 
sible, of detection on account of the very considerable dissection of 
this region. As may be seen by reference to Figure 4, the ring of hills 
owes its existence to the presence of the relatively resistant rock 
layer which outcrops in them and dips gently away from the dome. 

In connection with the third hypothesis, the weight of the evi- 
dence would seem to be in favor of the theory of collapse of the 
underlying beds. In his earlier paper on Palangana, the writer ex- 
pressed the opinion that “the main evidence against that theory (of 
collapse) is the absence within most of the basin of the heavy rock 
like that which caps the rim and is found in the wells on the outer 
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edge of the rim and which should be present within the basin if it 
were due to collapse.” That conclusion was based on the logs of the 
Sinclair Oil and Gas Company’s Schallert wells and of National Oil 
Company’s Schallert No. 1, which are now known to give an erro- 
neous picture of the supersalt beds. Massive rock, probably equiv- 
alent to the rock capping the rim, was found in most of the Texas 
Gulf Sulphur Company tests and is very substantial evidence in 
favor of the formation of the basin by collapse of the subsurface. At 
a depth of 265 feet (80 ni.) in the National Oil Company’s Schallert 
No. 2, very hard siliceous beds were encountered which were report- 
ed to have drilled as if dipping steeply toward the dome. As these 
siliceous beds are due to secondary silicification, they are not neces- 
sarily parallel with stratification and their dip toward the basin does 
not necessarily indicate a general dip into the basin. As the central 
basin is well drained through the valley which breaches the south- 
west quadrant of the rim, erosion by stream activity through that 
valley also would seem competent to have formed the central basin. 

The surface expression of the Piedras Pintas dome is extremely 
indefinite. Piedras Pintas Creek flows across the center of the dome. 
Over the probable area of the salt, the shallow valley of Piedras 
Pintas Creek widens to a broad flat, which is roughly circular in out- 
line and is bounded on the east by the hills east of the railroad at 
Noleda, on the south by the hills south of Noleda village, on the west 
by the hills near the Empire Gas and Fuel Company’s Becker well, 
and on the north by a low, short ridge about one-third of the way 
from Noleda village to Palangana. ‘The flat is broken by a low ridge 
due in large part at least to the presence of a siliceous knob at the 
surface. The outline of the salt is not known, and therefore the rela- 
tion of this indistinct basin to the dome is not determinable. As the 
Humble Oil ard Refining Company’s Walsh Nos. 1 and 2 seem prob- 
ably to be on the east edge of the salt, the west slope of the hills east 
of the railroad at Noleda seems to mark roughly the east edge of the 
salt. On the west, the Empire Gas and Fuel Company’s Becker No. 1 
is off the salt, and is back from the eastern slope of the hills near it. 
This flat is very much larger than the roughly circular small flat 
basins which are found here and there along most of the creeks of 
this region, and furthermore, it is of about the same area as the cen- 
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tral basin at Palangana. Probably this Noleda flat is the surficial 
expression of the Piedras Pintas salt dome, but if the salt dome were 
not known to be present, the topography would hardly lead one to 
suspect the presence of a dome. 


GEOLOGY 


Surface Geology—The Reynosa formation is the characteristic 
surface formation of the general area around Palangana and Piedras 
Pintas. It is unconformably overlain by the Lissie gravels (Equus 
beds), and locally the Lagarto formation is exposed lying unconform- 
ably beneath it. The Reynosa is a heterogeneous formation com- 
posed of a conglomerate of pebbles of different materials in a calcare- 
ous matrix, uncemented gravels, clays, limy sands and sandstones, 
and tufaceous limestone grading into clays and sands. The Lagarto 
formation consists of sands and clays which change locally to cal- 
careous sand rock and siliceous or calcareous conglomerate. The 
Lagarto formation is underlain by the Lapara formation, which con- 
sists of interbedded sands and clays carrying porcellanous and 
flintlike quartzitic material. 

At Palangana the crest of the rim is capped by the Reynosa lime- 
stone, which also forms all of the hills back of the rim. In Taranchua 
Creek, Dumble found some sands underlying the Reynosa which 
seemed to belong to the Lagarto. The rock of the rim has been found 
within the central basin only in the Simms well at the southern end, 
where it composed the upper 150 feet of the section. Elsewhere in the 
central basin, the surface and the upper part of the section in the 
wells is sand, the age of which is not known; it may belong to the 
Lagarto or may be part of an older formation which has been brought 
up by the salt. 

At Piedras Pintas, the hills surrounding the Noleda flat are com- 
posed, of Reynosa limestone. The Noleda flat is covered by a veneer 
of alluvium. Underlying it is a series of sands and siliceous rocks 
which outcrop at the base of the surrounding hills, in the knob within 
the basin, and in the quarries. The name Piedras Pintas, meaning, 
“Painted Rocks,” comes from a group of siliceous rocks covering an 
area of about 200 square yards (167 sq.m.) and situated 2,000 feet 
(600 m.) west-southwest of Noleda village. The rocks are a series of 
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coarse and fine sands and of thin shale bands which have undergone 
varying degrees of silicification. Much of the fine-grained rock is 
very dense, and looks like a chert. The finest-grained layers are por- 
celaneous. Many of these are brecciated into sharp, angular, and in 
some cases splintery fragments, and therefore seem to have acquired 
their brittleness before the brecciation; but as the cracks between the 
fragments are filled with coarse sand grains from the overlying or 
underlying sand beds, the brecciation must have taken place before 
the silicification of the sands. 

A quarry opened to obtain riprap for use at Corpus Christi, is lo- 
cated in the northeast central portion of the Noleda flat, northeast of 
the central siliceous knob. The quarry is roo feet (30 m.) long by 40 
feet (12 m.) deep. The main bed of siliceous rock is irregular, but 
averages some 20 feet (6 m.) in thickness. Showing a dip of 30° to 40°, 
it forms most of the west wall and part of the east wall of the quarry. 
Above the silicified rock are irregularly bedded sands of varying 
coarseness and of varying degrees of cementation. Intercalated in 
the sands are small masses of altered clays which are chalky white, 
unctuous, impalpible, faintly bitter, and without argillaceous odor. 
The siliceous rock shows contorted bedding, but varies greatly in 
character. In some of its phases, it is a quartzitic siliceous sandstone; 
some very fine-grained material resembles novaculite; other phases 
are like buhrstone; locally it is chalcedonic. In only one case were 
the walls of the channels incrusted. 

Similar siliceous rock is found in the central knob and in isolated 
small patches elsewhere around the edges of the Noleda flat. Near 
the Peters well just south of the Noleda railroad crossing, thin beds 
of porcelaneous siliceous rock are interbedded in unconsolidated 
sands. Flinty, quartzitic rock similar to the siliceous rock at Piedras 
Pintas was found at 60 and 265 feet (18 and 81 m.) in the National 
Oil Company’s No. 2, at Palangana. 

The siliceous rocks are due to the deposition in sediments already 
present of silica from siliceous waters. But the silicification has not 
taken place recently and seems to have been accomplished before 
the beds were in their present position. Siliceous knobs occur at 
several places in the region west of Palangana and Piedras Pintas. 
Porcelaneous and flintlike quartzitic material is described by 
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Dumble as occurring in the Lapara. Although the association of the 
silicified rocks with the salt dome may be suggestive of the genetic as- 
sociation of the hydromineralization with the salt dome, there is no 
evidence to that effect, and the most probable explanation is that 
siliceous beds in the Lapara or other formation were uplifted to the 
surface by the salt. 

Subsurface Geology.—Structurally the American salt domes con- 
sist of a stocklike core of rock salt with or without a cap of rock, and 
of beds dipping steeply and quaquaversally from the salt core. The 
salt core is circular or broadly elliptical in plan, with a diameter of 
anywhere from } to 33 miles (1 to 5.5 km.); it has nearly vertical 
sides and a relatively flat top. The cap rock is disklike or thimble- 
like in form and is composed of anhydrite, gypsum, or limestone, or 
of all three. Commonly there is a little limestone lying on top of a 
larger mass of anhydrite-gypsum. The thickness of the cap ranges 
up to 1,000 feet (300 m.). The dip of the beds on the flanks of the 
dome varies with the dome, with the depth of the bed, and with the 
distance from the salt. Dips of more than 45° are common on the 
deeper beds. 

Palangana has the characteristic structure of an American salt 
dome. The salt core is approximately circular in outline, with a 
diameter of 11,000 feet (3,300 m.), and has a flat top and very steep 
flanks. A cap of rock is present which covers the top of the dome 
and extends well down the flanks. On the flanks of the dome, the 
lateral sediments dip steeply away from the salt core. 

The salt core is delimited on the east by the National Oil Com- 
pany’s wells Nos. 2, 3, and 4, which, respectively, hit the salt at 1,019 
feet (310 m.) and 3,347 feet (1,017 m.), and went to below 3,350 feet 
(1,018 m.) without finding the salt. On the southwest the Humble Oil 
and Refining Company’s wells Singer No. 5 hit the cap rock at 1,951 
feet (593 m.); No. 3, cap rock at 2,954 feet (898 m.) and salt at 
3,104 feet (944 m.); and No. 4, no cap rock or salt to 4,440 feet 
(1,350m.). On the south and southeast Simm’s Singer Nos. 1 and 2 
and the Empire Gas and Fuel Company’s Singer No. 1, respectively, 
hit salt at 836 feet (254 m.), found no salt or cap rock to 4,407 feet 
(1,340 m.), and failed to find either salt or cap rock at 3,000 feet 
(912 m.). On the northwest the Sinclair Oil and Gas Company’s 
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Schallert No. 1 hit the salt at 985 feet (299 m.).’ From the position of 
these wells and from the structure contours on the salt in them 
(Fig. 3), the salt core is proved to be roughly circular in outline and 
to have a diameter at the top of 11,000 feet (3,350 m.). From the 
symmetry of the topography, also, the outline of the salt core seems 
to be circular. The top of the salt is flat; the depths at which it 
was encountered are 420 feet (128 m.), 420 feet (128 m.), 575 feet 
(175 m.), 574 feet (174 m.), and 420 feet (128 m.) below sea-level 
respectively in various wells. The flanks of the salt core are steep; 
on the east the slope of the salt between the National Oil Com- 
pany’s Nos. 2 and 3 is more than 70°; on the southwest, the slope of 
the salt between the Humble Oil and Refining Company’s Singer 
Nos. 5 and 3 is probably slightly less than this; but between Nos. 3 
and 4, it is more. 

The cap was reported in the writer’s previous paper on Palan- 
gana’ to be poorly developed. That statement was based on the data 
then available from the drillers’ logs of the Sinclair Oil and Gas Com- 
pany’s Singer Nos. 1 and 2, and the National Oil Company’s No. 1, 
and in the light of information now available seems to have been in 
error. In Simm’s Singer No. 1, the cap was encountered at a depth 
of 27 feet (8 m.), above sea-level, and 488 feet (148 m.) of solid rock 
was found. The Humble Oil and Refining Company’s Singer No. 5 
had over 249 feet (75 m.) of anhydrite, and No. 3 had 150 feet (46 m.) 
of anhydrite. The National Oil Company’s No. 3 had 50 feet (15 m.) 
of anhydrite above the salt. The four wells, Sinclair Oil and Gas 
Company’s Schallert Nos. 1 and 2, and National Oil Company’s 
Schallert Nos. 1 and 2, logged a thick bed of “lime and gyp”’ re- 
spectively at 60, 60, 145, and 127 feet (18, 18, 44, and 39 m.) below 
sea-level, and then a series of sand, “rock,” “gyp,” and “lime,” to 
the salt. In the National Oil Company’s Schallert No. 3, cores 
showed definitely that the drillers’ “sand” and “crystallized sand” 
were anhydrite. As anhydrite is seldom recognized by the Gulf 


t The Texas Gulf Sulphur Company’s No. 6, situated 2,000 feet (600 m.) north- 
northwest of the Sinclair Oil and Gas Company’s Schallert No. 1, encountered no cap 
rock and went directly into the salt at a depth of 1,037 feet, and No. 11, situated 
3,600 feet (x,100 m.) north-northeast of the National Oil Company’s No. 2, went toa 
depth of 732 feet (223 m.) without encountering cap rock or salt. 

2 Bull. Amer. Assoc. Vetrol. Geol., Vol. 5, p. 219; Econ. Geol., Vol. 6 (1920), pp. 


497-510. 
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coast driller, but is indiscriminately logged as “crystallized sand,” 
“hard sand,” “lime,” or “gyp,” the writer suspects that there is a 
thick cap of anhydrite which was not recognized by the drillers on 
the Sinclair wells and the National wells Nos. 1 and 2. If this is so, 
there is a cap which extends completely over the top of the dome as 
well as down the flanks, and has the following thicknesses: on top of 
the dome, Sinclair Oil and Gas Company’s Schallert Nos. 1 and 2, 
362 feet (110 m.); National Oil Company’s No. 1, 425 feet (129 m.); 
No. 2, 435 feet (132 m.); Simm’s No. 1, 448 feet (136 m.); on the east 
flank, 50 feet (15 m.) at a depth of 3,300 feet (1,000 m.); on the west 
flank, 248 feet (75 m.) at 1,900 feet (578 m.) in the Humble Oil and 
Refining Company’s No. 5; and 150 feet (46 m.) at 2,950 feet (897 m.) 
in No.2: 

The character of the cap on the top of the dome is known well 
now as the result of the exploration for sulphur. The section through 
the cap is shown in Table I. The top of the cap is vague and 
irregular, and according to Mr. Wolff, of the Texas Gulf Sulphur 


TABLE I 


GENERALIZED SECTION THROUGH THE Cap, PALANGANA 








Feet Meters 
Limestone, calcite, clay, and shale.......... 520 125-0 
Limestone, calcite, clay, shale, and sulphur. . 3-25 1 -8 
Gypsum, at the top a little clay and shale...} too+ 30 + 
ATV TILES tase pariact teen ea chee 300 Oe) = 


Company, the upper part of the cap seems to be composed of a 
mechanical mixture of clay and shale with blocks of the “lime” cap 
rock and of clay and shale in fissures and caverns in the “lime” cap 
rock. The only specimen of the “lime” cap rock seen by the writer 
was composed of oil-soaked medium-grained granular limestone cut 
by many fissures partially filled by vein calcite (dolomite?). Much 
of the sulphur is found in the clay and shale and is regarded by Mr. 
Wolff as residual material left from the solution of the limestone. 
The gypsum is of the characteristic salt-dome cap-rock type, but 
showed more evidence of shearing than the writer has seen previous- 
ly in Gulf Coast cap rock. The anhydrite was not reached in the 
Texas Gulf Sulphur Company tests and the exact thickness of the 
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gypsum zone is not known. The top of the cap, as nearly as it can 
be determined, is relatively flat; between the National Oil Company’s 
No. 1 and the northeast edge of the dome, it rises to an elevation 
of about 100 feet (30 m.) above sea-level and from that area slopes 
down to an elevation of about 50 feet (15 m.) below sea-level not far 
in from the edge of the salt on the north and west, and to an eleva- 
tion of several hundred feet below sea-level in a comparable position 
in reference to the southwest edge of the salt. The absence of cap 
rock in the Union Sulphur Company’s No. 6 indicates that the cap 
does not extend continuously down the northwest flank of the salt 
core; and the presence of the cap in the Humble Oil and Refining 
Company’s Singer Nos. 3, 5, 6, and 7 indicates that the cap extends 
down the southwest flank of the dome to a depth of at least 3,100 
feet (940 m.). 

On account of the uncertainty of drillers’ identifications, the 
lithologic character of the cap on top of the dome is not known. On 
the southwest flank, the section through the cap in the Humble Oil 
and Refining Company’s Singer Nos. 2 and 5 is as shown in Table I. 
The anhydrite is a fine-grained, dense, hard, deep-blue, well-crystal- 
lized rock, characteristic of Gulf Coast salt-dome cap rock. The 
anhydrite of a core with several solution channels is white. As the 
cap is relatively thin but steeply dipping, and as only slight lateral 
movement would be necessary to fault or fold in lateral sediments, 
the calcareous sandstone logged at 3,005, 3,021, and 3,063 feet 
(914, 918, 931 m.) does not necessarily belong in the cap-rock mass. 
The black clay at 3,104 feet (944 m.) is less like the abutting lateral 
sands, and there is more probability that it is actually included in the 
cap-rock mass. On the east flank, the cap rock in the National Oil 
Company’s No. 3 is a much more coarsely crystalline, saccharoidal 
anhydrite. That well went through 130 feet (39.5 m.) of salt and en- 
countered 15 feet (4.5 m.) of similar anhydrite underlain by hard 
sand, in which the well was abandoned. Sulphur has recently been en- 
countered in considerable quantity in Smith et al., Schallert No, 1 
at 390 feet (119 m.). 

The steepness with which the lateral sediments dip away from 
the salt core is distinctly shown in the Humble Oil and Refining 
Company’s wells on the southwest edge of the dome. The con- 
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tact between the Jackson and the Miocene in their Nos. 3, 4, and 
5 was found respectively at 1,228-1,447 feet (373-440 m.), 1,660— 
2,017 feet (sos-613 m.), and 2,950-3,041 feet (897-924 m.). The 
first number in each case gives the depth of the last sample which 


TABLE II 


CorED SECTION THROUGH THE CAP 

















DEPTH 
CoMPOSITION OF CORE 
Feet Meters 
Humble Oil and Refining Company’s Singer No. 2 

1,957 595 Galenite with sphalerite and possibly smithsonite 
veining. : y ' 

1,959 596 Calcite and a few crystals of anhydrite with smith- 
sonite in veins and cavities. 

1,962 597 Calcite, 50 per cent; anhydrite, 50 per cent. 

1,968, 1,972, 1,977; F 

1,982 5098 Anhydrite. _ ; 
1,988 604 Anhydrite with dip of 55°. 


1,994, 1,995, 1,998 
2,000, 2,003, 2,005 
2,010, 2,018, 2,019 
2,020, 2,035, 2,063 
2,077, 2,080, 2,096 
2,108, 2,121 


606-45 | Anhydrite. 


Humble Oil and Refining Company’s Singer No. 5 


2,984 907 Calcareous, hard sandy clay. 


2,986 908 Anhydrite. 

3,005 Q14 Highly calcareous sandy clay. 

3,005 914 Anhydrite. 

3,021 918 Calcareous sandstones. 

3,021 918 Fine-grained dolomitic limestone. 

3,040, 3,049, 3,055, 

3,061 924-30 | Anhydrite. 

3,003, 3,068 931-33 | Calcareous sandstone with impressions of shells of 
Leda? and Lucina. 

3,003, 3,084 931-38 | Anhydrite. 

3,104 044 Black calcareous clay with crystals of salt and an- 
ets fragments of oyster shells replaced by 
salt. 

3,158 960 Anhydrite. 

3,180 967 Salt. 





could be recognized as Miocene, and the second number the depth 
of the first sample which could be recognized as Jackson. Cores 
taken in No. 4 had the following dips: 45° at 3,538 feet (1,076 m.), 
58° at 3,588 feet (1,091 m.), 50° at 4,021 feet (1,193 m.), 30° at 4,197 
feet (1,245 m.), and 30° at 4,222 feet (1,283 m.). 
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On account of the small number of wells that have been drilled on 
the flanks, the detailed structure of the lateral beds around the salt 
core cannot be worked out. 

Piedras Pintas is a known salt dome and probably has the char- 
acteristic form and structure of an American salt dome. The top of 
the salt lies at a depth of about 1,350 feet (410 m.) below sea-level, 
but as only one well, the Producers’ Oil Company’s Mabee well, is 
known to have been drilled into the top of the salt, its form is not 
known. Positive control is given on the east by the Humble Oil and 
Refining Company’s Walsh wells Nos. 1 and 2, which found the salt 
respectively at 2,690 feet (818 m.), and 2,557 feet (777 m.) below 
sea-level and which, therefore, must be on the east side of the salt. 
Negative control is given on the southeast by the Peters well, which 
found no salt or cap to a depth of 2,917 feet (887 m.) below sea-level, 
and on the west by the Empire Gas and Fuel Company’s Becker 
well, which found no salt or cap to a depth of 3,618 feet (1,100 m.). 
below the surface. The dip of the flank of the salt core is not known. 
In the Humble’s Walsh wells, there is a slight irregularity in the flank 
of the salt, as the outer well (No. 2) found the salt 122 feet (37 m.) 
higher than No. 1. 

A cap is present on top of the dome at Piedras Pintas. The four 
Union Sulphur Company tests for sulphur were located as follows: 
(see Fig. 3) Tinney No. 1 at the west edge of the southwest group of 
shallow wells, Saenz No. 1 at the west edge of the central group of 
wells, Tinney No. 2 east of No. 1 and south of Saenz No. 1, and 
Canales No. 1 just east of the well with a ‘“‘C” through the symbol. 
The log of Tinney No. 1 shows gypsum from 556 to 562 feet and 
“calcite and lime” from 585 to 625 feet; the log of No. 2, calcareous 
sandstone, limestone, and shale from 269 to 410 feet, sandy limestone 
from 410 to 599 feet, gumbo (stiff clay), sandstone, and “lime” from 
599 to 1,020 feet, and limestone and gypsum from 1,021 to 1,035 feet; 
the log of Saenz No. 1, “lime and calcite” from 387 to 619 feet and 
anhydrite from 619 to 687 feet. Canales No. 1 went to a total depth 
of 1,028 without encountering any considerable quantity of rock. 
Much of the “lime,” limestone, and sandstone is the result of second- 
ary calcareous cementation and impregnation of previously existing 
sediments. How much of it, if any, is true “lime” cap rock is im- 
possible to say. None of the few samples seen by the writer were 
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cap rock. The anhydrite is part of the true cap. Its position so much 
higher in the Saenz No. 1 than in the Tinney No. 2 and the Canales 
No. 1 and possibly the absence of rock in the Canales well probably 
indicates very irregular uplift on the top of the dome. The absence 
in the Canales well of the masses of “lime”’ rock found in the other 
wells may be attributable, however, to differences in the conditions 
of deposition of the secondary calcite. It is possible that the un- 
common amount of calcareous cementation in the deeper supersalt 
beds is genetically connected with the uncommon amount of sili- 
ceous cementation in the beds at and near the surface. These data 
regarding the situation above the top of the salt are vague and un- 
satisfactory; the correct interpretation of the situation will have to 
wait on the drilling of a very considerable number of wells through 
the cap rock. 

On the flank in the Humble Oil and Refining Company’s Walsh 
No. 1, no cap rock was found, and in No. 2, only ten feet of anhy- 
drite. 

Nothing is known regarding the structure of the lateral beds. In 
Walsh No. 1, a core at 2,353 feet (925 m.) showed bedding with a dip 
of 45°, and in Walsh No. 2 a core at 1,782 feet (752 m.) showed a dip 
roi aes 

Stratigraphy.—The normal stratigraphic section for the region 
southwest of Brazos River is given in Table III. The section at 
Palangana as indicated by some of the wells is given in Table IV. 
At Piedras Pintas, the section as determined by micro-paleonto- 
logical analysis is as shown in Table V. 

The section at Palangana and Piedras Pintas shows great thick- 
ening over the normal section for south Texas. As the wells Singer 
Nos. 3 and 5 and Walsh Nos. 1 and 2 are on the side of the salt, and 
as Singer No. 4 is very close to the edge of the salt, the beds in them 
have experienced great uplift. The relative uplift in Singer No. 3 
over Singer No. 4 on the reworked Cretaceous-Miocene contact is 
700-1,000 feet (210-300 m.), and in Singer No. 5 over Singer No. 4 
is 1,570-1,870 feet (498-589 m.). At higher horizons, the uplift is 
less; on what is tentatively classed as the top of the Oakville, the 
relative uplift of No. 3 over No. 4 is of the order of 150 feet (45 m.). 
The absolute uplift cannot be determined from these wells. As the 
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result of the uplift, the section in the wells must have been shortened 
either through depositional thinning of the beds, thinning by squeez- 
ing, faulting out of beds, or erosion. Singer No. 4, being the farthest 
out from the salt, should have a section nearest the normal, but in 
spite of the fact that it must have experienced much shortening, the 


TABLE III 


NORMAL STRATIGRAPHIC SECTION 














THICKNESS 
ForRMATIONS DESCRIPTION 
Feet Meters 
Pleistocene A 2 
Beaumontyclay cmrerinesenrsrir Blue calcareous clay with small lime nodules 
and with lenses of sand and sandy clay. 300- 900 90-270 
Paissiesgraveliac sic esnre eae. Gravels and coarse sands with pockets of red 
clay; limy conglomerate south of Guada- 
lupe River. 500-I ,000 150-300 
Unconformity 
Pliocene(?) 
Reynosa formation.......... Calcareous conglomerates and limestones 
with lenses of pink clay. 560-1, 500 170-450 
Unconformity 
Pliocene 
Vagarto clay nec aeteseenrece Clays light colored, mottled, with limestone 
nodules and with sands and sandstones. 345- 645 105-195 
(Lapara sandy anise Interbedded sands and clays with clay peb- 
bles and limestone concretions. 75—- 455 23-138 
Unconformity(?) 
Miocene 
Oakville sandstone.......... Gray sandstone, soft and hard, calcareous 
and non-calcareous, with some clay lenses.| 180- 600 55-180 
Unconformity 
Oligocene 
Catahoula sandstone......... Quartzitic sandstones, clays, sandy clays, and 
sandstones. O-I, 200 0-360 
Oligocene in part (?) 
Eocene, Jackson in part (?)..... Clays, marls, limestone, concretions, beds of 
volcanic ash. 235- 700 70-210 
Eocene 
Jackson (?) 
Fayette sandstone........... Sands, sandstones, clays, lignite, voleanic ash] 480- 800 145-240 
Claiborne 
Vie gua eee iejeyes ster stetarsinemiteroe Clays, lignite clays, lignite, oyster reefs. 475-1,050 143-315 
Cook Mountain............. Greensand, greensand mars, iron ore, lignite, 
clay, sand, and sandstone. 520- 865 155-260 





section to the top of the Jackson here shows great thickening. On 
the basis of lithology, the thickness of the Reynosa in this well is 
less than 100 feet (30 m.); on the basis of fossils, there is a go-foot 
barren zone which is Miocene, Oligocene, or Jackson. If the barren 
zone is assumed to be Oligocene, and if the maximum thickness of 
the Lagarto, Lapara, and Oakville are taken, the top of the Jackson 
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TABLE IV 


STRATIGRAPHIC SECTION AT PALANGANA 














DEPTH 
FORMATION 
Feet Meters 
Singer No. 4 
Surface Surface Reynosa 
470-2,950 143- 910 | Reworked cretaceous 
2,955-3,013 912- 919 | Non-fossiliferous cores 
3,041-4,187 928-1,277 | Jackson 


4,274-4,440 I,303-1,354 | Jackson or Fayette 








Singer No. 3 
Surface Surface Reynosa 
520-1 ,660 I58- 506 Reworked cretaceous 
I, 660-2 ,017 506- 615 No cores 
2057 615 Jackson 
Singer No. 5 
Surface Surface Reynosa 
-1,284 — 392 | Reworked cretaceous 
1,346 410 Non-fossiliferous core 
1,447-1,959 441- 597 | Jackson 
TABLE V 


STRATIGRAPHIC SECTION AT PIEDRAS PINTAS 





DEPTH 
aR a a Ta ForMATION 
Feet Meters 


Walsh No. 1 





Surface Surface Reynosa 
616— 854 188-260 | Reworked Cretaceous ; 
855-2,745 261-837 81 cores taken barren of fossils 
2,746-2,872 838-876 | Upper Claiborne 








Walsh No. 2 
Surface Surface Reynosa 
I5I- 990 46-307 | Reworked Cretaceous ‘ 
990-2, 817 307-859 | Many cores barren of fossils 


2, 007-0 850-2 Upper Claiborne 
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should come at a depth of 1,900 feet (599 m.). It actually comes at 
3,041 feet (924 m.). The section above the Jackson shows, therefore, 
a thickening of 1,150 feet (350 m.), or over 50 per cent. This thicken- 
ing of the section in the wells over the old “normal” section deter- 
mined from studies of the formations at their outcrops is character- 
istic of the Gulf Coast. The actual thickening of the section at Pal- 
angana must be very much more than that shown in Singer No. 4, 
and the actually demonstrated thickening at many places in the 
Gulf Coast, as, for example, Pine Prairie and Orange, is over 2,000 
feet (600 m.). ‘Thickening of the section seaward is, of course, ex- 
pected, but before the detailed work of the oil geologists in the past 
three years, the enormous degree of thickening was not suspected. 
This demonstration of the unexpectedly great thickening of the sec- 
tion shows the danger in extrapolating down the dip seaward, the 
knowledge gained at the outcrop, and this warning is particularly 
pertinent in the Palangana—Piedras Pintas region. In his recent 
studies of the section along the Rio Grande, Trowbridge found no 
Oakville, Lapara, or Lagarto at the outcrop, and although he men- 
tions the presence of Miocene sediments in the Brownville region, 
120 miles (190 km.) south of Palangana—Piedras, and says that the 
outcrop of the three formations may be hidden under the overlap of 
the Reynosa, yet the impression given by his discussions warrants no 
suspicion of over 2,000 feet of Oakville, Lapara, and Lagarto at Palan- 
gana—Piedras Pintas, only 30 miles (48 km.) back from the outcrop. 

The tentative differentiation of the section above the Jackson is 
as follows: 

The Reynosa formation, on the basis of the reported lithology, is 
about 55 feet (17 m.) thick in the Humble Oil and Refining Com- 
pany’s Singer Nos. 3, 4, and 5 (Fig. 4); in the National Oil Com- 
any’s Nos. 3 and 4, it is 4o or 250 feet (12 or 75 m.) thick. The sur- 
face rock is Reynosa. The deeper massive rock may be Reynosa or 
may be a mineralized bed in the Lagarto. 

Below the Reynosa, the predominating clayey zone, 850 feet 
(258 m.) thick in the Humble Oil and Refining Company’s Singer 
No. 4, and 600-650 feet (180-200 m.) thick in the National Oil Com- 
pany’s Nos. 3 and 4, is referred tentatively to the Lagarto. 

Below the tentative Lagarto, there is a zone with sand and sand- 
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stones in the upper part, and clay in the lower part. In the Humble 
Oil and Refining Company’s No. 4 it is 725 feet (220 m.) thick, and 
in the National Oil Company’s No. 4 it is 500 feet (150 m.) thick. It 
is tentatively referred to the Lapara. 

At 1,600 feet (480 m.) in the Humble Oil and Refining Com- 
pany’s No. 4 and National Oil Company’s No. 4, there are several 
hundred feet of sand, sandstone, and limestone (?). The upper part, 
composed of alternating clays and gumbos, may belong to the La- 
para. The lower part is tentatively referred to the Oakville. The 
1,000 feet (300 m.) of clays, sands, and sandy clays below these 
sands, sandstone, and rock and above the base of the “reworked 
Cretaceous zone”’ is referred to the Oakville. 

In the Singer No. 4, between the lowermost core which was 
identified as Miocene and the uppermost core which was identified 
as Jackson there is a zone go feet (27 m.) which was unfossiliferous, 
and which might be Oligocene. Although well developed in South- 
east Texas, the Oligocene wedges out in the outcrop south of the 
Brazos and is not found at the surface in south Texas, and Oligocene 
fossils have not been recognized in any of the wells in south Texas. 
It is very possible, therefore, that Oligocene is missing at Palangana-— 
Piedras Pintas. If present, it can not be over go feet (27 m.) thick in 
Singer No. 4. 

A curious feature of the relative stratigraphy of the different 
wells is that Singer No. 4 had reworked Cretaceous Foraminifera 
from 470 to 2,950 feet (141 to goo m.), and that Singer No. 2 and 
Walsh Nos. 1 and 2 had no reworked Cretaceous Foraminifera below 
around 1,000 feet (300 m.). As in Walsh No. 1 some eighty-one cores 
were taken in the barren zone between 855 feet (281 m.) and the top 
of the Jackson at 2,746 feet (856 m.), there would seem to be no 
doubt of the absence of the reworked Cretaceous fossils. In the same 
zone in Singer No. 4, reworked Cretaceous fossils were present in 
nineteen cores. Just what the significance of their absence may be, 
is not known. The situation of Singer No. 4 west of the axis of the 
two domes and the situation of Singer No. 2 and Walsh Nos. 1 and 2 
east of the axis suggests that during the Miocene and early Pliocene, 
the two salt domes had sufficient surface expressions in some way to 
affect the processes of deposition. 
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AGE OF THE DOMES 

The age of the salt is not known definitely. As it pierces forma- 
tions as old as Upper Claiborne, it must be older than Upper Clai- 
borne. As, in the interior group of Texas salt domes, it has brought 
Austin chalk to the surface, the salt there must be at least as old as 
earlier Upper Cretaceous. As none of the known formations of the 
early Tertiary or of the Upper Cretaceous has a facies compatible 
with the formation of salt deposits, the salt of the Gulf Coast domes 
is probably at least as old as Lower Cretaceous. 

The age of the upthrust of the salt is middle Miocene or earlier 
to late Pliocene or Plio-Pleistocene. The date of the beginning of the 
upthrust is not determinable As the beds down to a depth of 1,500 
feet (457 m.) in Singer Nos. 3 and 4 have only a moderate dip and 
so do not conform to the steep dip of the top of the Jackson, a part 
of the upthrust must have taken place at the end, or in the latter 
part, of the Jackson; and as the Miocene-Jackson contact has been 
tilted into a dip of some 50° a part of the upthrust must have come 
since the beginning of the Miocene. As it is impossible to correlate 
with enough accuracy to determine the amount of the angular un- 
conformity which occurs in or at the end of the Miocene, it is im- 
possible to determine how much upwarping there had been before 
the early Miocene. The earliest dated upthrust that the writer has 
observed is. at Damon Mound. There an angular unconformity of 15° 
to 20° between the Oligocene and the Miocene extends out at least 4 
mile from the edge of the dome and shows that by the end of Oligo- 
cene times there had been greater deformation at the surface than is 
shown today in any of the Gulf Coast salt domes, and at least as 
great as is shown at the surface at present by the Palestine and West 
Point domes. As the amount of uplift which must have taken place 
by the end of Oligocene is so large, it seems reasonable to suppose 
that upthrust must have gone well back into the Eocene. The com- 
mon supposition is that all the salt domes started at about the same 
time on account of some prevailing condition of tectonic stress. On 
the basis of this supposition, the beginning of the upthrust would 
date at least as far back as Eocene times. Although the odds are 
probably in favor of this supposition, there seems to be no a priori 
reason why some domes should not have started to form later than 
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others. Whether or not some particular condition of stress was 
necessary to start the formation of the domes, the forces necessary to 
the continuation of the upthrust of the domes have continued to the 
present, and since in some domes, for example North Dayton, there 
has been no upthrust later than early Pleistocene, and in others, such 
as Avery’s Island, the upthrust probably is continuing today, the 
forces causing the upthrust seem not to have affected all domes alike. 
It is entirely possible that in some places there is a slower accumula- 
tion than elsewhere of the 'stresses which result in the upthrust of 
the salt, and that in those places the formation of the salt domes 
starts later than elsewhere. 

Although the larger part of the upthrust seems to have taken 
place in Oakville times, the warping of the Lapara, Lagarto, and 
basal Reynosa indicates that the upthrust persisted into Reynosa 
times. Notwithstanding uncertainty of correlation, a slightly great- 
er dip in the Lapara and Lagarto indicates that there was movement 
during Pliocene times. As the present surface shows no appreciable 
deformation, there has been no determinable uplift since the early 
Pleistocene or late Pliocene. 


ORIGIN OF THE SALT DOME 


General statement.—Although in the geological literature in Eng- 
lish, the origin of salt domes is still a much-disputed question, the 
data now available in regard to the German salt domes show with a 
high degree of scientific certainty that the German domes are the 
result of plastic yielding to deformation of a sedimentary salt series, 
and the comparison of these data with those now available for the 
American, Mexican, and Roumanian salt domes shows that the dif- 
ferent types of salt domes are merely the different manifestations 
which a single general type of structure takes under respectively 
different regional tectonic conditions. 

Origin of the German salt domes—The proof of the formation of 
the German salt domes by the plastic flowage of a sedimentary salt 
series is based on the following evidence: 

1) The German Zechstein salt deposits occur in the following 
structural types: (a) Sedimentary beds showing the effects of only 
slight deformation; (6) Stassfurt type salt-dome ridge: low, broad 
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anticlines with a low, broad salt core tapering gently to each side 
and with the overlying sedimentary beds gently arched concordantly 
with the top of the salt (Fig. 6a); (c) Asse type salt-dome ridge: a 
narrow, sharp, anticlinal ridge with a narrow, steep-sided, sharply 
upthrust core of salt and overlying sedimentary beds sharply arched 
concordantly with the upper surface of the salt (Fig. 6b); (d) Lower 
Aller type salt-dome ridge: an anticline with a salt core that pro- 
jects into or through the overlying sedimentary beds and is in diapir 
relations to them; the cross-section is the same as the section of a 
salt stock; (e) Hannoverian type salt stock: a circular or elliptical 
dome with a core of salt which has been intruded into or through 
the overlying sedimentary beds (Fig. 6c). 


TABLE VI 

STRATIGRAPHIC SECTION IN GERMAN SALT SERIES 

Formation Thickness 
Se WOUNGehyerOCks Salltmeeaeriteere neers 100 feet ( 30 m.) 
Cieeenmene > MalNiGUWS. 66 0q0c0cs0nc 3 feet ( 1m.) 
Rediisalt clays) ser auactesce snr 33 feet ( 10 m.) 
CNTOUMING” IOs CANN, ong ocnnooonces 165 feet ( 50 m.) 
“WMilenin’” aidliKGhatW®, ..ccossboccensn: 130 feet ( 4o m.) 
5 (La VineSalts Cl avesrgweraapncr a ates eae 23 feet ( 7m.) 
“ONG” NOE SHAS .4 oococnounnns 130 feet ( 40 m.) 
SOlderstrockisaltseaem cee ae 825 feet (250 m.) 


2) ‘The section shown in Table VI (after Seidl), with slight varia- 
tions in character and thickness, can be recognized not only in the 
essentially undeformed sedimentary beds, but also in all of the dif- 
ferent types of the salt domes. The different salt members have 
different lithologic aspects and can be distinguished. The “Gray”’ 
salt clay in places carries a dwarf marine fauna. 

3) The different types grade into each other and are manifestly 
the different reactions of the Zechstein salt series to variations in tex- 
tonic conditions. In the Magdeburg-Halberstadt Basin, which lies 
as if crushed between the Flechtinger-Hohenziig and the Harz pre- 
Permian massifs, the salt domes take the form of ridges with the 
same Hercynian strike that characterizes the two massifs. In the 
North German plain across the northwest end of the basin and the 
two massifs, the structure of the South Hannover district reflects a 
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Fic. 6.—Types of German salt domes 


a) “Stassfurt” type salt dome ridge, cross-section of the Schmiicke-Finne Ridge, 
aiter Schlafke. 

b) “Asse” type salt dome ridge, cross-section of the Stassfurt Ridge at Wester- 
Egeln, after Schiinemann. 

c) “Hannoverian” or “Stock” type of salt dome, cross-section of the Benthe 
Stock, after Stille and Seidl. — 


Cu=Lower Cretaceous S=Buntsandstein 
K=Keuper Naj=“Younger”’ salt series 
M =Muschelkalk Naa=“‘Older salt series 


A =Gypsum cap 
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Rhenish influence, and in that district the salt domes take the form of 
salt stocks at the intersections of Hercynian and Rhenish anticlinal 
axes. In northwestward continuation of the Harz and in the Lower 
Aller district, the Rhenish influence is not so strongly manifest, and 
the salt domes tend to take the form of salt-dome ridges striking 
with the Hercynian axes. Farther north in the North German plain, 
the salt domes take the form of salt stocks. A general law seems to 
hold in regard to the form of the cross-section, that where the sedi- 
mentary cover is relatively thin, as in the Magdeburg-Halberstadt 
Basin, the Stassfurt and Asse types with the cover concordant with 
the upper surface of the salt prevail, and that where the cover is 
thick, the Hannoverian type prevails, with the salt core in diapir 
relation to the cover. 

4) The abundance of exposures in the potash mines with their 
galleries at many levels, the data from the borings made in explo- 
ration for potash, and the differentiation of the salt series into recog- 
nizable members has made it possible to work out the structure of 
some of the domes in great detail and to demonstrate the great 
plasticity of the salt. 

The genetic connection of the American salt domes with the 
German as a single type of structure is demonstrated through a study 
of the German salt stocks, especially through such a dome as the 
Benthe dome. This is an elongated elliptical dome in which the salt 
core has steep to nearly vertical sides and has been intruded through 
beds from Permian to Senonian (Lower Cretaceous), inclusive. 
Buntsandstein and Muschelkalk have been brought to the surface 
along the edge of the salt and at the surface can be seen dipping 
steeply away from the salt core, and at one point are even over- 
turned. Except that the major diameter is two and a half times the 
minor diameter, in contrast to the equal or subequal diameters of 
the American salt domes, the outer form and structure of the Benthe 
dome are identical with those of such domes as Keechi, Palestine, 
and West Point, and the difference between the aspect of these three 
domes and the domes of the Gulf is merely due to the presence of a 
thick column of Neogene to Recent Sediments, which are present 
along the Gulf Coast but not inland. As the salt cores of the Ameri- 
can domes are exposed only in the rather small mines at Avery, 
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Jefferson, and Weeks Islands, the structure has not been determined, 
but in the Weeks and Avery salt mines, the salt of the American 
domes exhibits the same plastic folding shown by the salt of the 
German domes. 

The evidence for the formation of salt domes through plastic 
yielding to deformation is definite and positive. The opposing theo- 
ries are mostly a priori. They were based on very imperfect knowl- 
edge, and are so little applicable to salt domes as they are known 
today that discussion of them need be entered into only in treating 
the history of the development of geologic thought in regard to the 
origin of salt domes. 

The recent discovery of mixture of sylvite and halite in a core 
from 4,800 feet in the Rycade Oil Corporation’s Gray No. 1 on the 
Markham salt dome adds further evidence to the similarity of the 
American and German salt domes, and the discovery of algae in the 
salt gives strong evidence in favor of the sedimentary origin of the 
salt. 

Origin of the motive forces —The motive force causing the defor- 
mation is, however, a much more disputed question. The two most 
probable theories proposed are: 

1) That the upthrust of the salt is an isostatic phenomenon due 
to the (postulated) fact that the salt core is lighter than the strati- 
graphically overlying sediments. The specific gravity of rock salt is 
about 2.15. The specific gravity of the uncultivated soils of the Gulf 
Coast varies from 1.4 to 1.8. The specific gravity of the subsurface 
sediments is not available, but on the basis of the following argument 
should not be distinctly greater than that of the salt. The argument 
is that if the specific gravity of the component minerals is taken, the 
specific gravity of the sediments averages about 2.6; if an empty 
pore space of 30 per cent is assumed, the specific gravity is reduced 
to 1.7; but as the pore space in most cases will be filled with water, 
the specific gravity should be around 2.0. In the upper part of the 
section, where the pore space may be greater, the specific gravity 
should be lower. With increase of depth, there should be increasing 
compression and density of the sediments. In the case of a salt dome 
extending down to great depth or in well-compacted sediments, the 
salt core may be slightly lighter than an equal column of the adja- 
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cent sediments, but it is a serious question whether the resultant 
unbalanced force would be sufficient to overcome both the internal 
friction of the salt and the great friction between the edge of the salt 
and the adjacent sediments, especially as the surface of contact is 
large in relation to the mass of salt involved. In such a dome as Sul- 
phur, the anhydrite-gypsum-limestone cap must have a mass density 
of around 2.7, and should serve to compensate the slight possible 
deficiency of density of several thousand feet of salt. 

2) That the upthrust has been due to lateral thrust. As the salt 
domes of Old Roumania are involved in the Carpathian thrusts, it is 
easy to call upon orogenic thrust to account for those salt domes. 
The German salt domes are at least molded by the old Saxon folding. 
The anticlinal folds in which the salt domes of the Magdeburg— 
Halberstadt Basin occur have the form which the sediments of a col- 
lapsed or compressed basin would assume. Such a dome as the Ben- 
the salt dome definitely shows the effects of both Hercynian and 
Rhenish folding. In the case of the American domes, it is much more 
difficult to call upon thrust. The characteristic circular outline of 
the domes suggest the absence of compressive thrust from any direc- 
tion. The region, furthermore, in which they occur has been one of 
geologic tranquility since Cretaceous times at least, and shows no 
signs of compressive folding. There were movements which gave 
rise to the Balcones—Powell-Luling fault system. But the faults 
seem to be normal faults. In short, there appears to be no good evi- 
dence of lateral thrusts in the Gulf Coast area of intensity sufficient 
to cause the upthrust of our salt domes. 


ORIGIN OF THE CAP ROCK 


General statement.—The more probable alternative hypotheses 
for the origin of the cap rock of the American salt domes are: (1) 
that it is residual material left behind in the solution of the top of the 
salt core; (2) that it is a secondary deposit resulting from reactions 
between vadose water coming in contact with the highly saline 
waters around the salt core; (3) that it is sedimentary anhydrite and 
limestone which has been caught up and pushed ahead of the rising 
salt core; (4) that it is sedimentary limestone which has been caught 
up and pushed ahead of the rising salt column and which has been 
altered to anhydrite by sulphate waters. 
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1) The residual material hypothesis. ‘The argument for the resid- 
ual theory rests largely upon analogy with the German salt domes 
and the theoretic probability that some solution of the salt and col- 
lection of the inclosed anhydrite must take place around the upper 
part of the salt core. This theory is very generally accepted by the 
German geologists in explanation of the cap rock of the German salt 
domes and seems to be plausible for them. The salt of those domes 
contains a notable amount of anhydrite, 5 to 6 per cent in the case of 
the “older rock salt,” in addition to the intercalated beds of anhy- 
drite. Upturned, intercalated beds of anhydrite in some cases, as at 
Luneburg, can be seen grading into the gypsum cap. The common, 
very discordant relation of the salt table and the cap to the structure 
of the salt core in the German domes, as shown, for example, in Fig- 
ures 6b and 6c, shows that a large amount of salt has been removed 
by solution or erosion from the top of the salt core. The cap of the 
German domes in a general way resembles that of the American 
domes, but differs from it in that the cap of the German domes 
grades into a mantle which extends well down the flank of the salt 
core; that the cap is not composed in part of limestone, that in con- 
trast to the even, uniform, coarsely crystallized selenite, and the 
massive, even, uniform, saccharoidal anhydrite of the American 
domes, the gypsum and anhydrite of the German domes have a con- 
fused, uneven, and irregular texture 

The arguments against the residual theory are: (a) that salt of 
the American domes does not contain as much included anhydrite as 
the German salt, and practically no intercalated beds of anhydrite; 
(b) that the formation of cap rock of the American type, i.¢., up to 
1,000 feet (300 m.) of homogeneous, even-grained, practically mas- 
sive anhydrite, by the collection of resdual material is theoretically 
improbable; (c) that the form of the cap-rock mass in most cases Is 
incompatible with formation by the collection of residual material. 

a) The argument based upon the apparent lack of sufficient 
anhydrite in the salt mass is open to considerable question. The 
character of the salt of the American domes is known best from the 
salt mines at Weeks, Avery, and Jefferson Islands. But as the ab- 
sence of cap rock on those domes may reflect the low content of the 
anhydrite of the salt in those mines, the argument based upon the 
low anhydrite content there may not be valid for the domes with cap 
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rock. The knowledge of the salt elsewhere on the American domes is 
very fragmentary and based on scattered, small cores. Few wells are 
drilled into the salt; most of these are drilled in only far enough to 
determine that salt has actually been encountered; and in most 
cases, only one or two cores of the salt are taken. There is, therefore, 
very little actually known about the salt masses of the domes other 
than those which contain the salt mines. At the contact of the salt 
and cap, “salt and gyp” are in many cases reported by drillers. At 
Brenham, the “salt and gyp” are known to be interbedded salt and 
anhydrite. The “salt and gyp,”’ however, seem to be confined to the 
zone just below the top of the salt. 

b) The argument for the theoretical improbability of the forma- 
tion of the cap through the collection of residual anhydrite is as 
follows: 

The great thickness of some of the caps connotes the solution of 
improbably thick masses of salt. The cap at Sulphur, Louisiana, is 
1,000 feet (300 m.) thick. Even if a high estimate of 10 per cent is 
given for the average calcium-sulphate content of the salt, the for- 
mation of the cap at Sulphur would have involved the solution of 
10,000 feet (3,050 m.) of rock salt. 

It is, of course, probable that if the salt core is exposed to vadose 
waters, solution and collection of the residual material will take 
place. But, though the cap as a whole is in many cases cavernous, 
the anhydrite is in most cases, where the process of alteration to gyp- 
sum has not started, a dense, compact rock which should be very 
slightly pervious and which, once formed, should greatly impede 
further solution of the salt. If solution did continue, it should take 
place along solution channels and fissures rather than uniformly over 
the whole surface of the salt core, and should give rise to slumping 
and consequent partial brecciation of the cap already formed. The 
rock finally resulting from such a process expectably would have an 
irregular texture and structure, if not showing traces of coarse brec- 
ciation. But one of the most marked features of the unaltered anhy- 
drite throughout the Gulf Coast and in the domes of northern Louisi- 
ana is its even, homogeneous character. Megascopic brecciation 
is not uncommon in the rock of the cap, but does not involve unal- 
tered anhydrite. 
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c) The form of the cap in most cases indicates an upthrust origin 
rather than a residual origin in the present position of the salt. If 
appreciable solution takes place, it should take place in the upper 
flanks as well as on the top of the salt, and a resultant residual cap, 
therefore, should form a thimble-like mantle extending well down 
the sides. Forms of the cap in the American domes are shown in Fig- 
ure 7. The cap, in a few cases, does extend down the flanks, but in 
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Fic. 7.—Types of cap in the American salt domes 


Sections all natural scale. A, Palangana; B, Bryan Heights; C, New Iberia; 
D, East side of Hockley; £, Sulphur. 


the majority it is a disklike mass resting on top of the salt, and ex- 
tending not quite to the edge of the salt. 

That solution does take place is shown by the central depressions 
at Anse la Butte, Jefferson Island, and Blue Ridge, but at these 
domes, the salt comes to within 200 feet (60 m.) of the surface. That 
the amount of solution on deeper domes is negligible over a very con- 
siderable period of geologic time, however, is indicated by the lack 
of depressions at Big Creek, Stratton Ridge, Pierce Junction, Mark- 
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ham, and North Dayton. These domes are in a late Pleistocene 
plain. The absence of a distinct mound in each of these cases indi- 
cates the absence of distinct upthrust since the late Pleistocene. The 
absence of a central depression indicates either that solution was 
just counterbalanced by upthrust, or that the amount of solution 
since late Pleistocene is negligible. 

2) The secondary-deposit hypothesis—The argument for a sec- 
ondary origin of the anhydrite and gypsum by the precipitation from 
solution is that calcium sulphate has a maximum solubility of 7.5 
grams per liter in solutions of a salinity of 129.5 grams per liter, 
that the salinity of sulphate-bearing vadose waters is enormously 
increased at the edge of the salt through solution of salt, and that 
with increase of salinity above 129.5 grams per liter, the CaSO, 
is precipitated as anhydrite at the edge of the salt. Somewhat 
similar figures have been quoted to show that the gypsum would 
be precipitated as the concentration of NaCl decreased. 

The arguments against such an origin of the anhydrite and gyp- 
sum of the cap are: 

a) That the normal Gulf Coast waters are poor in sulphates. 
G. S. Rogers called attention to the fact that in a series of analyses 
of waters from depths above 1,500 feet (500 m.), he found the average 
CaSO, content to be far less than 1 gram, per liter, and the maximum 
CaSO, content of any sample to be 2 grams per liter. The writer’s ex- 
perience has been that the deeper waters are similarly poor in CaSQ,, 
or other sulphates. 

b) That the precipitation should take place either on the top and 
upper part of the sides of the core and form a thimble-like mantle, 
or at the contact of the salt core with a pervious water-bearing 
stratum, but that in the majority of cases, the flank of the salt core 
is bare of cap rock, and in a very large number of cases, part or even 
the whole of the top of the salt core is bare of cap, and that no indi- 
cation is recognizable of any connection between the cap rock and 
pervious or impervious beds. 

c) That it is difficult to imagine the secondary deposition of the 
thick masses of anhydrite without inclusion of the sediments in inti- 
mate contact with salt. The postulated sulphate-bearing waters 
must approach the salt along pervious beds, chiefly sands, or along 


THE SALT DOMES OF SOUTH TEXAS 753 


problematic fissures. If precipitation should take place back at 
least a few feet from the salt in the pervious beds, or the fissures, 
traces of the original beds should be contained in the anhydrite. But 
one of the striking characteristics of all the cores of the anhydrite 
and gypsum that the writer has seen is their uniform purity. 

A somewhat similar argument can be made for a similar second- 
ary origin of the limestone of the cap, and there is the additional ar- 
gument that the calcareous sandstones so characteristic of the Gulf 
Coast salt domes indicate the secondary deposition of lime in the 
Oligocene, Miocene, and Pliocene sands around the domes. The 
“‘sandrock”’ and the “rock” logged by drillers from around the domes 
is in a large number of cases sandstone with a calcareous cement, 
and at Big Creek conglomerate with a calcareous cement. At West 
Columbia, the amount of “‘sandrock” is much greater within 1,000 
feet (300 m.) of the salt than it is beyond 2,500 feet (750 m.) out 
from the edge of the salt. 

3) The uplifted sedimentary beds hypothesis. The argument for 
the theory of formation of the cap by upthrust of sedimentary beds 
is as follows: 

a) The form of the cap at many domes indicates that it has been 
upthrust into its present position. At Bryan Heights, Damon 
Mound, Hockley, West Columbia, and Spindletop, the cap is a disk- 
like mass of rock that lies directly on the flat salt table, that is several 
hundred feet (over 100 m.) thick (except at West Columbia), and 
that stops slightly inside from the edge of the salt. The abruptness 
of the lateral edge of these thick caps is very striking. A well drilled 
only some 200 feet (60 m.) in from the edge of the salt table will en- 
counter the full thickness of the cap; and a well 200 or 300 feet away, 
on the edge of the salt table or on the flank of the salt core, will go 
directly into the salt without encountering the cap. At Vinton, the 
cap is similar except that it (and the top of the salt) overhang slight- 
ly. If the salt core is thought of as a punch being forced up through 
sediments, that form of the cap is the one which we should expect 
to be taken by a core of rock carried ahead of such a punch. Sands 
and clays should yield by stretching and flowage under the pressure 
of the head of the salt column. Limestone, anhydrite, or other rela- 
tively rigid beds should shear above the edge of the salt, and a disk 
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of the limestone or anhydrite should ride on the top of the advancing 
column of salt. 

b) Sedimentary anhydrite is possible in beds as thick or thicker 
than the anhydrite of the cap. The “main” anhydrite of the German 
Zechstein salt deposits is 125 feet (40 m.) thick, and the Lower Zech- 
stein anhydrite at the base of the deposits is 250-350 feet (70-100 m.) 
thick. In the Toyah district of Texas, a diamond drill penetrated a 
flat-lying Permian gypsum-anhydrite series 1,900 feet (575 m.) 
thick. The lower 1,200 feet (360 m.) is anhydrite and the upper 700 
feet (215 m.) is gypsum. The anhydrite is distinctly and regularly 
banded with black bands (Jahresringe?) about 0.2 inch (4 mm.) 
apart. It is fine grained and in a rough way resembles the anhydrite 
of cap rock in the Gulf Coast salt domes. 

c) The anhydrite and the salt in many cases seem to be inter- 
grown at the contact of the salt and cap. The data in regard to the 
situation at the contact in most of the domes are vague. Accord- 
ing to the drillers’ logs, “sand,” “crystallized sand,” “gumbo and 
gyp,”’ and “gumbo” intervene in many domes between the cap and 
the salt. As previously noted, anhydrite is seldom logged correctly 
by drillers, and appears in the logs as “‘sand,”’ “‘crystallized sand,” 
“gyp,”’ or “lime.’? When cores and cuttings are obtained from the 
same depth, the core may show solid anhydrite and cuttings may 
show “gumbo (or shale) and gyp.”’ It is, therefore, certain that much 
of the “sand” and “gumbo” logged from within the cap is anhydrite. 
A study of characteristic logs through the cap on the various domes 
warrants the tentative conclusion that the anhydrite as a rule lies 
directly on the salt. It is very common for the upper part of the salt 
to be logged “salt and gyp.”” That may mean that the anhydrite is 
permeated with brine, that the anhydrite is permeated with second- 
ary salt, that anhydrite cuttings become mixed with the salt cut- 
tings, or that the salt and anhydrite are interbedded. At Brenham, 
the salt and anhydrite are known from cores to be interbedded and 
to grade from one into the other. In a well at Brenham drilled by 
Mr. Fitzsimmons, the upper hundred feet of the salt, from 2,100 to 
2,200 feet was composed of interbedded salt and anhydrite. A core 
from 2,170 feet (658 m.), shown in Figure 8, was composed of alternat- 
ing bands of anhydrite and salt. The salt is in clear, transparent crys- 
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tals, 0.5 to 0.8 centimeters in diameter. The anhydrite is the char- 
acteristic saccharoidal anhydrite of the cap of the Gulf Coast salt 
domes. Although the bands are very definite, there is a very uniform 
gradation at the contact from the salt into the anhydrite. The rela- 
tive proportions of the salt and anhydrite were estimated to be 55 to 
6o per cent salt and 45 to 4o per cent anhydrite. A similar core 
taken at a depth of 2,110 feet (639 m.) was reported to have consisted 
of about 4o per cent salt and 60 per cent anhydrite. 

d) The limestone which mantles the cap may have been derived 
from Oligocene limestone, from Upper Cretaceous limestone, or from 
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Fic. 3.—Sketch of core of interbedded anhydrite and salt from the Brenham dome 


limestones belonging in the same series as the anhydrite. The pres- 
ence of thick sedimentary Oligocene limestone on the flanks of 
Damon Mound suggests distinctly the possibility that it may be 
the source of the limestone of the cap there. Oligocene limestone is 
known at other domes, but is reported not to be present everywhere. 
Although it carries a characteristic fauna, traces of the fossils have 
not been recognized as yet in the limestone of the cap. The salt may 
come from formations older than Upper Cretaceous, where there are 
various limestones which could be carried up by the rising salt mass. 

e) The argument against the derivation of the cap through up- 
thrust of sedimentary anhydrite and limestone from lower strati- 
graphic depths is that the thimble-like cap at Palangana, Pine 
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Prairie, North Dayton, and some of the other domes, doubtfully 
could only be formed in such a way. The German potash-salt de- 
posits show very definitely reehuet action of anhydritnder somewhat 
similar circumstances. The stratigraphic section of those deposits is 
roughly as shown in Table VII. The “Older” rock salt is more plastic 
than the overlying members of the series, and in the salt domes and 
ridges tends to be extruded through them. Unlike the other mem- 
bers of the series, the ‘“Main” anhydrite did not react to the defor- 
mation by bending and stretching, but by breaking; commonly it 
was torn apart wherever the folding was complicated. In the case of 
Pomes of the Stassfurt type, the ““Main” anhydrite is found only in 
the synclines and on the flanks of the anticlines, and in the Han- 


EABIER MY Ty 
GENERAL STRATIGRAPHIC SECTION OF THE GERMAN PoTasH SALT DEPOSITS 
Formation Thickness 

“Younger” salt series composed of rock salt with 

minor amounts of anhydrite and clay.......... 200 feet ( 60 m.) 
SMa canbyclritGasses aoe ie a eee por eee 130 feet ( 40 m.) 
Rotashsbedsanses tactee Sete cit eee eet ken eee too feet ( 30 m.) 
said er OCkasal tie... sean. ace enan nae ee ties 820 feet (250 m.) 


noverian type of dome, only in the troughs of the synclines and 
crests of the anticlines. On the basis of the reaction of the anhydrite 
in the German domes, it is difficult to see how an anhydrite bed over- 
lying an uprising salt core could be bent into a thimblelike mass 
intimately capping the salt and extending 1,000 feet (300 m.) down 
the flanks, and how it could maintain that form and position through 
thousands of feet of uplift. Much more expectably, the anhydrite 
should shear off at the edge of the salt, as the Oligocene limestone 
at Damon Mound apparently did. 

4) The limestone-alteration hypothesis—The argument for the 
derivation of the gypsum and anhydrite of the cap from sulphat- 
ization of limestone is based on the known fact that under the action 
of sulphuretted waters, limestone is altered to gypsum. The anhy- 
drite, however, shows no evidence of being an alteration product; 
the gypsum shows evidence of being an alteration product only from 


*Grabau, A., Principles of Salt Deposition (rst edition, 1920), pp. 256-57. 
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the anhydrite; and in cores showing the contact between limestone 
and anhydrite, the limestone fills cracks fingering out into the anhy- 
drite or gypsum, and is apparently the younger. 

As a result of a priori analysis of the problem, and as a result of 
detailed study in which sections were drawn through the cap for 
those domes where sufficient data were available, where the composi- 
tion of the cap and its relation to the supersalt sediments, the lateral 
sediments, and the salt were studied, and where a megascopic exam- 
ination was made of many cores of cap rock, the writer has been 
able to come to no satisfactory conclusion in regard to the origin of 
the cap rock of the American salt domes. Before this study was well 
under way, he tentatively held the theory of secondary deposition, 
but now considers that the least plausible, and considers most plausi- 
ble the theory that anhydrite and gypsum are derived from sedi- 
mentary beds associated with the original salt beds, and that the 
limestone in part is derived from sedimentary beds at higher strati- 
graphic horizons and in part is secondary. 


OIL AND GAS 


There are three general types of occurrences of oil on a salt dome: 
in the relatively flat-lying shallow sand lenses above the cap and 
salt; in the rock and cavities of the cap rock; and in the lateral, 
steeply dipping, often deeply buried sand lenses on the flank of the 
dome. The presence of the oil is indicated at the surface in many 
cases by gas seeps, oil or gas in shallow wells, paraffin dirt, and less 
often by oil seeps. 

At Palangana, none of the surface indications of oil or gas are 
present. A few of the wells have had shows of oil, but no production 
has been established. On top of the dome, the Sinclair Oil and Gas 
Company’s No. 2 well had a small show of oil at 398 feet (121 m.). 
. Recently a shallow test of the Autrey Oil Company blew out dark- 
brown oil and water from about that depth. The Simms No. 1 had 
a slight show of oil in the cap rock at a depth of 710-782 feet 
(216-239 m.). On the east flank, in the thick bodies of sand in the 
lower part of the National Oil Company’s Nos. 3 and 4, numerous 
cores had slight odors of oil. On the southwest flank, in the Humble 
Oil and Refining Company’s Singer No. 3, a core of cap rock was 
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obtained dripping with oil. The Humble’s two 4,400-foot (1,338 m.) 
tests, Singer Nos. 2 and 4, found nothing of interest. Some of the 
recent sulphur tests had small shows of oil in the top of the cap. 

The wells on top of the dome are sufficient to condemn the top 
of the dome, except for a possibility that wells can be completed 
which will produce a few barrels of oil per day. The deep dry holes on 
the south and southwest do not condemn the lateral sands complete- 
ly, but the chances of future success are poor. 

At Piedras Pintas, oil has been produced on top of the dome from 
shallow depths for a great many years. The field is said to have been 
discovered through the presence of oil in water wells. At present 
(January, 1924) there are two small fields about a mile apart. In the 
eastern field, there are nine wells with a total daily production of 
25-50 barrels (3-7 tons) a day. The gravity of the oil is variously re- 
ported from 16° to 21° Baumé (sp. gr. 0 96 to 0.93). The oil is said to 
be about 80 per cent lubricant stock, and about 7 per cent distillate. 
There are two productive sands, one at 160-180 feet (49-55 m.) be- 
low the surface, and the other at 230-324 feet (7o-98 m.) below the 
surface. Structure contours on the lower sand show a moderate dip 
eastward. The present small productive area has been defined by 
dry holes on the north, west, and south. The western of the two 
fields is the older. The field itself and the surrounding territory have 
been peppered with shallow holes. Most of them had fair shows of 
oil, many of which could have been made into 1- to 5-barrels-per-day 
pumpers. Two years ago there were nine producing wells with a total 
daily production of 25-30 barrels. Some of the wells are said to have 
come in with a fair initial production, flowing 250 barrels (35 tons) a 
day fora month. Many of the wells have a long life of 4-8 barrels per 
day on the pump. The oil is somewhat lighter in color than that of 
the eastern field, is said to be of 26° Baumé gravity (sp. gr. 0.90), 
and to have a kerosene content of 4o per cert. 

On the flanks there have been several tests, which have had 
shows of oil but which have failed to establish production. On the 
west flank, the Empire Gas and Fuel Company’s Becker well had 
shows of 32° Baumé (sp. gr. 0.86) oil and 42° Baumé (sp. gr. 0.81) 
oil between 3,400 and 3,500 feet (1,034 and 1,064 m.). On the south- 
east flank, the Peters well had oil shows at 1,300, 1,500, and 2,150 
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feet (395, 456, and 656 m.). On the east, the Walker well had a good 
show of oil at 1,291 and 1,337 feet (392 and 406 m.). According to the 
usual story, each of these wells could have been brought in as a pro- 
ducer if it had been handled properly. The Humble Oil and Refining 
Company’s Walsh No. 1 had a show of oil at 2,896 feet (880 m.) 
and bailed a little oil at 2,939 feet (893 m.). Their No. 2 had no show 
worth testing. 


FALFURRIAS 
INTRODUCTION 


The Falfurrias salt dome is one of the very few salt domes of the 
coastal group in which the cap rock is exposed at the surface, and it 
is the only one in which the gypsum of the cap rock can be studied 
directly. The dome has long been known, and was drilled by the 
Producers’ Oil Company in 1911. It goes under various other names, 
“Las Cuevas,” “Gyp Hill,” and ‘Loma Blanca.” There has been 
no drilling since 1grt. 

Location.—The Falfurrias dome is in the northeastern part of 
Brooks County, about 7 miles south-southeast of the town of Fal- 
furrias. It is reached by the San Antonio and Arkansas Pass Rail- 
road from San Antonio to Falfurrias, or by the Gulf Coast Lines to 
Kingsville and automobile to Falfurrias. There is a good hotel at the 
town of Falfurrias. 

Physiography.—The Falfurrias salt dome is on the northern edge 
of a wind-blown sand area in the coastal prairie. In this general re- 
gion there is no major relief, but there is a great deal of minor relief 
due to the presence of innumerable sand dunes, some of them 25 feet 
high. 

At the Falfurrias dome there is Falfurrias Lake, or Laguna 
Salada, Gyp Hill on the southwest side of the lake, and a hill on the 
north side. The lake is‘about 3 miles long by $ mile wide, and is ir- 
regular in shape, with two prongs at the west end and one at the east. 
The two west prongs mark the enlargement of the mouths of Balu- 
arte Arroyo and Palo Blanco Creek, the east prong, the enlargement 
of the outflowing creek. Although the western part of the lake half 
surrounds Gyp Hill, the lake is probably not connected genetically 
with the salt dome, but is merely a widened stream channel. 
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Gyp Hill (Fig. 9) is a roughly circular hill with a diameter slightly 
less than 1 mile and slightly elongated in a north-west-southeast 
direction. The hill rises 80 feet (24 m.) above the lake and 30-60 
feet (g-18 m.) above the general level. The hill on the north side of 
the lake extends for a considerable distance along the shore of the 
lake and rises some 20 feet (6 m.) above the general level. 

Geology.—Gyp Hill is composed of gypsum, mantled on the lower 
slopes by wind-blown sands. The gypsum occurs in large crystals 
1-8 inches (2-17 cm.) in diameter and 6-18 inches (13-40 cm.) or 
more in length, the longer axis nearly vertical. Axes of adjacent 
crystals in most cases are slightly inclined to one another. The crys- 
tal form is not expressed, but the various crystals are molded to- 
gether so that in cross-section they have a roughly hexagonal out- 
line. The crytsals are in layers which are inclined at various low 
angles and which vary in thickness from a few inches to nearly 2 
feet. The prisms of the gypsum are oriented at right angles to the 
plane of the layer and extend from top to bottom in it. There is a 
vague tendency for these layers to dip slightly with the hill. In each 
column there is a tendency for the development of a vertical parting 
oriented parallel to the tangent to the dome at that point. The gyp- 
sum is all in the form of well and coarsely crystallized, fairly clear 
selenite. Each columnar hexagonal prism is composed of a single 
crystal. From megascopic examination, the gypsum deposit seems 
to be very pure. 

By far the best exposure of the gypsum is below and south of the 
crest, in and around an open sink hole which leads into a cave about 
ro feet in diameter. The cave slopes downward with the slope of the 
hill, at an angle of of about 30°, and is large enough to be followed 
for about 75 feet (25 m.). 

Of the subsurface geology little is known. The Producers’ Oil 
Company (the Texas Company) drilled three wells on the southwest 
slope of Gyp Hill. Two sets of logs are current for the wells. The 
much more probable set gives the deepest of the wells as drilled 1,000 
feet (300 m.) into and abandoned in the “gyp” (gypsum-anhydrite). 
The less probable set comprises the logs of the three wells drilled 
respectively to 630, 2,668, and 3,084 feet (192, 811, 938 m.). Some 
400 feet (120 m.) of gypsum was logged at the surface, but below 
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4oo feet, little rock was encountered down to 2,830 feet (860 m.) 
From 2,830 feet to the bottom of the hole, No. 1 had much rock. 
The amount and distribution of the rock in the section in those wells 
would be possible for wells drilled through the edge of a slightly over- 
hanging cap rock, such as the one at Vinton. From their position on 
Gyp Hill, the wells, however, would not be expected to be on the edge 
of the cap and would not be expected to have the type of section 
logged in the wells of the second set. 

The Falfurrias dome has not been proved definitely to be a salt 
dome, but on account of the purity of the gypsum mass, the size and 
shape of the hill, and its position above the general level, Gyp Hill 
seems to be a salt-dome cap. The size and outline of the probable 
dome are indeterminate. The chances are that the dome, if present, 
coincides roughly with Gyp Hill or extends somewhat beyond the 
imits of this hill. The lake and the hill on the north side of the lake 
have been interpreted as forming part of the dome. That conclusion 
does not seem warranted, for the lake appears to be merely a wind- 
scooped enlargement of the channel of the intermittent stream 
which flows past the dome. The hill on the north side is probably a 
dune representing the excavated material. 


OIL AND GAS 


Surface indications of oil or gas have not been reported at Fal- 
furrias. The only wells which have been drilled near the dome were 
the Producers’ Oil Company Lassater Nos. 1, 2, and 3, all of which 
were dry. An accumulation of oil in commercial quantity is a pos- 
sibility at Falfurrias, but the absence in south Texas of known ac- 
cumulations of oil in commercial quantity in the horizons which 
could be reached at Falfurrias makes the chance here seem poor. 
The productive horizons in the Mirando district might conceivably 
yield oil at Falfurrias. Since, however, the Plio-Miocene section 
shows a thickening of 2,500-4,000 feet (750-1,200 m.) between the 
Mirando district and Palangana, since the top of the highest produc- 
tive horizon in the Mirando district is barely reached at Palangana, 
and since Falfurrias is about twice as far back from the outcrop of 
he Plio-Miocene as Palangana those productive horizons are prob- 
ably deeply buried at Falfurrias. On account of the accumulation 
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of gas at Kingsville, Whites Point, and elsewhere in south Texas, 
there is a better chance for gas at Falfurrias than for oil. 


SAL DEL REY AND SAL VIEJA 
INTRODUCTION 


Sal del Rey and Sal Vieja are somewhat similar saline lakes west 
of Raymondville, in Willacy County. Although there is a small ex- 
port trade in salt frorn Sal del Rey, and although these lakes have 
long been points of interest to the Gulf Coast geologists and others, 
they seem not to have received attention in the literature. They 
present some evidences of being salt domes and are usually classed 
as possible salt domes. They have never been proved to be salt 
domes, and may be merely wind-scooped depressions. 

Location.—Sal del Rey is 17 miles (27 km.) west-northwest of 
the town of Raymondville. It is reached by the Gulf Coast Lines 
to Raymondville and then by automobile 11 miles (18 km.) due west 
over the La Coma (MaAllen and Falfurrias) road, and 7 miles (11 km.) 
northwest over country trails. Sal Vieja is about 7 miles (11 km.) 
west and 3 miles (5 km.) north of Raymondville. It is reached by 
automobile from Raymondville over roads and ranch trials. 

Physiography.—The region in which Sal del Ray and Sal Vieja 
lie is the southern equivalent of the flat, featureless, grassy coastal 
prairie of southeast Texas and southwestern Louisiana. This plain 
has been much affected by wind activity, and is now a rolling plain of 
sand dunes, of wind-scooped basins, and of irregular wind-drifted 
masses of sand, silt, and clay. The region is covered with a dense 
growth of mesquite. 

Sal del Rey is a roughly elliptical lake over 1 mile in length by 
3 mile in width (1.5 by 1 km.). It lies in a shallow basin which has 
no outlet, and no streams flowing into it. It is bounded on the east 
and north by a nearly flat rolling plain, on the south and southwest 
by a low ridge rising 10 feet above the plain to the east, and about 
20 feet above the general level to the south, on the north-northwest 
by a faint ridge, and on the west by a shallow depression about one- 
fourth the size of the main basin. Immediately northwest of the de- 
pression is a hill which is the highest point in this vicinity. As this hill 
lies immediately to the lee of the depression from the prevailing 
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winds and is of approximately of the same size as the depression, the 
hill and depression are probably due to wind activity. 

The size and shape of the basin and the presence of the roughly 
concentric ridge on the south and southwest are suggestive of a salt- 
dome mound with central depression. It is more similar to the ero- 
sional basin and ring of hills of Palangana than to the deformational 
mounds and central depressions of the salt domes of the coastal- 
prairie belt. But Sal del Rey lies in a belt which has not suffered 
erosion except in the form of superficial wind sculpturing, and there- 
fore should have a deformational mound, if any. Wind-scooped 
basins are common in this general region, but in no case known to 
the writer are they as large as Sal del Rey. In some cases the basins 
are occupied by fresh to brackish, most commonly wet-weather 
lakes. 

Sal Vieja (Fig. ro) consists of two saline lakes lying in a shallow 
elliptical depression which is 3 miles long by 2 miles wide, (6 by 3 km.) 
the major axis trending east-northeast to west-southwest. The 
western and larger of the two lakes lies in an elliptical basin about 
2 miles long by 13 miles wide (3 by 2.5 km.). It is completely en- 
closed and has no outlet. At the west end of the basin a fair-sized 
valley comes in from the west. In the lake, there are four islands 
rising to within 5 feet of the general level of the surrounding country. 
The shores of the lake and of the islands show the effects of consider- 
able lateral wave erosion. The bottom of the lake extends very 
slightly below sea-level. The eastern of the two lakes, sometimes 
known as Yturria saline, lies in a circular basin with a diameter of 
about 1 mile (1.5 km.) and with a size about one-half that of the 
western basin. It is somewhat shallower than the main basin and 
‘shows somewhat less lateral wave erosion on the shores. Its bottom 
lies at about sea-level. Unlike the main basin, it dries up completely 
in times of drought. The basin is completely enclosed, without out- 
let or entering streams. The two basins are separated from each 
other by a flat-topped ridge about 1,500 feet (450 m.) across, which 
rises about to the general level of the surrounding country. 

Sal Vieja is bounded on the northeast, east, and south by the 
flatly rolling plain of the region, with broad, low, rolling hills rising 
to a general elevation of about 50 feet above sea-level, and with 
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broad, shallow valleys; on the southwest by a few low hills; and in 
the northwest quadrant by a distinct range of hills which is 5 mile 
(x km.) wide and is concentric with the edge of the lake. The crests 
of the hills rise about 50 feet (15 m.) above the general level, ro leet 
(21 m.) above the lake level, and 85 feet (25 m.) above sea-level. 
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Fic. 10.—Topographic map of Sal Vieja 


The form, shape, and size of the Sal Vieja basin and the form and 
position relative to the basin of the range of hills are suggestive of 
salt-dome topography, but, as in the case of Sal del Rey, the topog- 
graphy is not quite the deformational type of expression which 
should characterize a salt dome here. The position of the range of 
hills on the lee side of the main lake from the prevailing winds, the 
presence of the islands, and the congruence of the crests of the islands 
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and of the ridge between the two lakes with the general level are 
suggestive of wind activity as the cause of the basins. 


GEOLOGY 


The beds which are exposed in the shore-line bluffs of Sal del Rey 
and Sal Vieja and which normally form the surface of the surround- 
ing region are light-colored clays and sandy clay with some beds of 
fine sand, which are to be referred either to the Reynosa or the 
Recent fluviatile deposits. The clay at the surface washes out readily 
and leaves a sandy soil. Most of the surface is covered by wind- 
drifted material. 

The waters of Sal del Rey, of the main lake at Sal Vieja, and of 
Yturria Saline are all brines, that at Sal del Rey being notably con- 
centrated. Except after heavy rains, the brine is fully saturated 


TABLE VIII 
SECTION THROUGH SALT AT SAL DEL REY 
Thickness 
Rocktsaltizvaw sea fee se eee tote 2 inches ( 5 cm.) 
Black clay containing salt crystals.. 4 inches (10 cm.) 
@learirockacalttemew an ern eee 3 inches ( 7.5 cm.) 
Black clays estes aes 2+ inches (5+ 4 cm.) 


and depositing rock salt. The latter covers the floors of the lake 
and extends up the beach. According to the accounts of local 
Mexicans, there is 16 feet (5 m.) of solid salt in the center of the lake. 
At a point about 25 yards from the center, however, the section 
shown in Table VIII was found. At times of drought, Sal del Rey 
dries up completely. The water of Sal Vieja is not so saline as that 
of Sal del Rey, and the water of the main lake at Sal Vieja is slightly 
more saline that that of Yturria Saline. In normal seasons, there is 
a thin salt crust on the beach, but there is no rock salt in the lake; 
but in times of drought, Yturria Saline dries up completely and a 
3-inch layer of rock salt is deposited over the lake bottoms of both 
Yturria Saline and the main lake. The latter never dries up com- 
pletely. 

Nothing is known of the subsurface geology at either Sal del Rey 
or Sal Vieja. ‘The nearest well to the former is an 820-foot (250 m.) 
artesian well three miles (5 km.) east of the lake. At the latter, 
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there is a 1,000-foot (300-m.) water well about 1,000 feet (300 m.) 
back from the edge of the basin on the Richards ranch. It has a cool, 
very slightly saline water. One-half mile west of the lake, on the 
Corbett ranch, is an 800-foot (240-m.) well which has a slightly 
warm and slightly more saline water. Neither well flows. 

A minor feature at Sal del Rey and Sal Vieja is the vesicular 
texture which the sands of the shores have shown at the times of 
the writer’s visits. The sand had a texture much like that of a very 
vesicular lava or that of a very thoroughly risen bread. The individ- 
ual vesicules were rounded and about 0.08-0.12 inches (1.7-2.6 mm.) 
long by 0.05-0.08 inches (1.1-1.7 mm.) in diameter. Although as a 
whole the orientation of the longer axes was heterogeneous, there 
was a tendency to parallelism to the surface. The sand was com- 
posed of somewhat irregular, medium-to small-sized grains, in a 
few cases with a small amount of clayey material. The vesicular 
sand was found nearly everywhere around Sal del Rey and Sal 
Vieja between the existing wave-splash line and the foot of the bluffs. 
It formed a zone 1-2 inches thick about 1 inch below the surface. At 
the surface there was a crusty layer of sand, in most cases overlain 
by a film of salt. At Sal Vieja the section shown in Table 
IX was noted. The area of vesicular sand had been under water 
three weeks before the time of the writer’s first visit. The weather 
had been extremely hot; maximum temperatures of 112° F. (44° C.) 
had been registered at a U. S. Weather Bureau Co-operative Ob- 
server Station in Raymondville, and the waters of the lakes had 
evaporated rapidly. The explanation of the vesicular sand may be 
found in a rapid vaporization of the moisture in the beach sands 
with consequent simultaneous formation of bubbles and precipita- 
tion of the salt in the interstices between the bubbles. The sand 
grains would be kept at the surface of the bubbles or between them 
by surface tension and would be cemented together by the precipi- 
tated salt to form the walls of the vesicles. As it is dependent on the 
salt cement, the structure should be rather ephemeral and should 
crumble before unsaturated brine solutions. But as in one place it 
survived successive burial by clay, sand, and clay, under favorable 
conditions the structure might be preserved and be found in the 


rocks. 
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Exploitation.—Surface indications of oil and gas are not present 
at either Sal del Rey or Sal Vieja. No shows of oil or gas are reported 
from the two water wells drilled near Sal Vieja, and there has been 
no exploitation for oil at either place. 

The salt at Sal del Rey has been worked to a small extent for a 
great many years by Mexicans. The upper salt crust, which is some 
2 to 4 inches thick in the center of the lake, is broken into blocks and 
is loaded into small wagon trains which come out of Mexico and take 
it back into the interior. The amount of salt exported is small. 


ORIGIN OF SAL DEL REY AND SAL VIEJA 
The two most probable possibilities for the origin of the two 


salines are (1) that they are the surficial expressions of salt domes, or 


TABLE Ix 


SECTION AT THE BEACH, SAL VIEJA 
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(2) that they are wind-scooped basins in which there has been con- 
centration of surface water. 

1) The evidence possibly in favor of the first method of origin is: 
(a) the lake basins of the form and size of salt domes, and of consider- 
able resemblance to the central depressions of salt domes; (0) the 
partial, concentric rim of hills on the edge of the basins, roughly 
similar to the ring of hills around Palangana; (c) the concetrated 
brine and, in the case of Sal del Rey, the salt beds; (d) the position of 
the two salines, which is very closely on the line through Palangana, 
Piedras Pintas, and Falfurrias. It is strange that with only one line 
of salt domes known in the whole of south Texas, the only two large 
salines should lie on this line. 

2) The evidence in favor of the second possibility is as follows: 

a) Although apparently fulfilling the formula for a salt-dome 
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mound and central depression, the topography is not exactly that 
of the deformational type of salt-dome mound with a central depres- 
sion, but is more similar to the erosional type characterized by Pal- 
estine and Palangana. But from the position in the coastal prairie, 
any surficial expression, if present, must be of the deformational 
type. 

b) From the approximate congruence of their crests with the 
general surface, the islands in the main lake at Sal Vieja and the flat- 
topped ridge between the main lake and Yturria Saline suggest that 
they are erosion remnants of the general surface. 

c) Formation of the topography through wind activity is dis- 
tinctly plausible. The area is one of semiaridity; wind action is 
strong, and sand dunes and wind-scooped basins are common. The 
prevailing wind is from the southeast, and the distinct rim of hills 
in each case is in the northwest quadrant. 

d) The brine and the salt deposits do not necessarily indicate 
association with a salt dome. The water of many of the wind- 
scooped basins of the region is reported to be brackish or briny. 
Water so salty that the cattle will not drink it is found in abundance 
at depths of 20 to 50 feet (6 to 15 m.) in the general region around 
Sal del Rey and Sal Vieja. In view of the very hot, dry weather 
that prevails, concentration of this salty ground water into brine 
should take place in any closed basin whose bottom lies below the 
ground-water level. The formation of the brine at Sal del Rey and 
Sal Vieja by the concentration of normal surface waters is, however, 
not an evidence against the salt-dome origin of the topography. Ifa 
salt-dome central depression extended below the ground-water level, 
the concentration would take place similarly to a wind-scooped 
basin. 

e) The presence of potable water at 1,000 feet (300 m.) in the 
Richards ranch water well on the south edge of Sal Vieja is not pre- 
clusive, but is distinctly unfavorable to the hypothesis of the exist- 
ence of a salt dome beneath Sal Vieja. Waters at that depth from 
close to a salt dome most commonly are distinctly salty. 

A definite conclusion whether or not Sal del Rey and Sal Vieja 
represent the surface expression of salt domes is not warranted by 


the evidence available. 
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OIL AND GAS POSSIBILITIES 


If Sal del Rey and Sal Vieja are salt domes, structure favorable 
for the accumulation of oil is presumably present. On account of the 
lack of oil or gas seeps around them, and on account of the lack of 
known commercial accumulation of oil in the coastal section of south 
Texas, the chance of the existence of commercial pools on or around 
them is poor. In view of the accumulation of gas at Kingsville, 
Whites Point, and Three Rivers, there is a better chance for the 
discovery of gas, but with the absence of gas seeps, even this chance 
does not seem good. 

If Sal del Rey and Sal Vieja are not salt domes, the chance of the 
existence of oil or gas pools underlying them is only that of acreage 
chosen at random in this area. 


SMITH CORKILL 


The Smith Corkill possible salt dome lies 15-20 miles (24-30 km.) 
west of Benavides in Duval County. The features suggesting the 
presence of a salt dome are four hills which roughly outline a 
circle. The hills are composed of chalcedonic and opalized sandstone 
and of intercalated masses of kaolinized clay. These silicified sand- 
stones and the kaolinized clay are similar to the silicified sandstones 
and the kaolinized clay at Piedras Pintas. Somewhat similar silicious 
knobs are found not far to the west and southwest. Smith Corkill 
may be, but probably is not, a salt dome. There is considerable evi- 
dence, according to Deussen, for the presence of a basaltic knob 
close to these knobs, and he suggests that they may be due to hydro- 
thermal activity of emanations from that volcanic neck. 


LA LOMITA | 


La Lomita, a hill on the Rio Grande, 63 miles (10.5 km.) south 
of Mission, is reported by Trowbridge to be a possible salt dome. It 
is described as a small hill, some 1,600 feet (500 m.) in diameter, 
rising conspicuously above its alluvial surroundings, and, according 
to ‘Trowbridge, exposing abnormal materials and abnormal dips, 
which, however, may not represent true bedding-planes. Three 
wells are reported to have been drilled on the hill without encounter- 
ing shows of oil. At least one of the wells was drilled below 3,000 
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feet (900 m.). The log of one of the wells was examined by the writer 
and showed nothing indicative of the presence of a salt dome. La 
Lomita seems probably not to be a salt dome. 


CHAPENO 


Chapefio is about 35 miles south of Brownsville, in the state of 
Tamaulipas, Mexico. It is usually classed as a possible salt dome. 
The evidence for the presence of a salt dome is a low swell in the 
flat, low coastal prairie, with sulphur, sulphur gas, and sulphur 
water on the top of the swell. It is described in another paper of the 
symposium. 

KINGSVILLE AND WHITES POINT 


The Kingsville (Kleberg County) and White Point gas fields are 
sometimes spoken of as salt domes. As the respective papers on 
those fields will show, doming is probably present in each, but no 
evidence of salt-dome formations (salt or cap rock) have been found 
in the deep wells which have been drilled on them. 

They are probably to be classed with the Goose Creek type of 
structure, which have not been demonstrated to be salt domes. 
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CHAPENO SALT DOME, TAMAULIPAS, MEXICO 


BEN C. BELT 
Tampico, Tamaulipas, Mexico 


ABSTRACT 

A sulphur deposit in Tamaulipas is described with discussion of its probable rela- 
tions to a salt dome. 

The title of this brief paper is consequent upon the belief of 
various oil men and geologists that a sulphur deposit located on the 
Chapefio ranch in Tamaulipas rather definitely signifies the presence 
of a salt dome. The deposit might better be described under its 
local name, ‘“‘Mina de la Pita,” signifying the ‘“Maguey Mine,”* 
but, while not expressing final conviction that the deposit does 
signify a sait dome, the author believes that the sulphur is rather 
unexplainable upon any other hypothesis. 

The “Mina de la Pita” is located on the Chapefio ranch in the 
northern district of the state of Tamaulipas, in the municipality 
of Matamoros, 33 miles by air line from the city of Matamoros, 
5 miles south of the ranch ‘‘San Bartolo,” and 1} miles east of the 
ranch “Chaparral.” It is 5 miles from the Laguna Madre and 15 
miles from the Gulf of Mexico. 

The deposit is situated in the Gulf coastal plain, the char- 
acteristics of which are exactly those of the Gulf coastal plain 
throughout southeast Texas. The mine itself is located on a very 
slight elevation, probably a little more than 1o feet above the 
surrounding flats, the elevation being so small as to be practically 
imperceptible without the use of levels. Unfortunately, a topo- 
graphic map of the area is not available. 

Just how long the existence of sulphur at this point has been 
known cannot be learned. The writer’s attention was first called to 
it in 1918, but previous to that it had undoubtedly been known for 
a long time. 

At the time this prospect was visited in 1919, the so-called mine 
consisted of two or three pits from 5 to 8 feet deep, located on the 
highest part of the ground. These pits, after passing through the 
surface soil, composed of about 3 feet of dark clay very strongly 


* The name probably comes from the fact that maguey plants occur in the vicinity 
of the mine. 
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impregnated with gypsum, native sulphur, and calcite, entered 
some 6 feet of blue clay, which contains streaks of free sulphur and 
many crystals of selenite, and, when freshly exposed, gives off con- 
siderable quantities of hydrogen sulphide gas. The gypsum and 
sulphur appear in larger quantities in the surface soil than they do 
in the underlying blue clays. Their association in the soil is with a 
loose, white material, which seems to be a surface deposit in the 
nature of caliche, and which is undoubtedly calcium carbonate 
and gypsum. This deposit, although mixed with the surface clays, 
appears very constantly over an area of 2,000 feet square surround- 
ing the mine. Throughout this area it carries large quantities of 
sulphur, sufficient in the three pits which the author dug or reopened, 
to give it a yellow color. Many large pieces were taken from the pit, 
which contained enough sulphur to support a flame. Gypsum 
crystals appear in this deposit associated with the sulphur. Investi- 
gations outside of the 2,000 feet square area around the mine found 
the calcareous material not altogether missing under the soil, but 
in no case were sulphur or gypsum crystals found in it outside of the 
area adjacent to the mine. An area 2,000 feet square, with the mine 
roughly in the center, was examined by digging shallow holes down 
through the soil, and over this whole area sulphur and gypsum 
crystals were encountered. 

At a distance of about 1,000 feet from the mine there is a well 
which was drilled in 1907 or 1908. Very salty water stands to the 
top of the 6-inch casing at the present time, but there is now no 
remnant from the cuttings from the well. The writer, at the time 
of his visit, had a log of this well which indicated that it reached a 
depth of 620 feet, that at this point considerable gas and some oil 
were encountered, and the well was abandoned. On account of the 
absence of reliable information about the well, it is probably better 
to disregard any of the reports concerning it, but it seems fairly 
certain that it was drilled with a water-well outfit, and accordingly 
that it was not drilled very deep. 

The hypothesis that ‘‘Mina de la Pita” is a salt dome seems to 
be the only one which accounts for the presence of so much sulphur 
and hydrogen sulphide gas as appear at this point, since other 
agencies which might give rise to this deposit of sulphur are, so far 
as we know, totally unknown in the Gulf Coast of Mexico and Texas. 


OCCURRENCE OF SULPHUR WATERS IN THE GULF 
COAST OF TEXAS AND LOUISIANA, AND THEIR 
SIGNIFICANCE IN LOCATING NEW DOMES 


W. F. HENNIGER 
Houston, Texas 


ABSTRACT 


Study of chemical analyses of ground waters in the coast region of Texas and 
Louisiana indicates that in waters from known salt domes there is a wide variation of 
sulphur content though higher concentration over the salt core is observed in some 
cases. Several small ground-water areas unrelated to known salt domes have been 
distinguished where abnormally high sulphur content is found. These sulphur waters 
appear to result from surface conditions rather than from buried domes. 


For several years the Gulf Production Company has been col- 
lecting and analyzing samples of waters from the known salt domes 
throughout the Coastal Belt of Texas and Louisiana. The object of 
the work was to determine whether or not waters with high mineral 
content were of local occurrence over the salt cores of domes, and 
to compare the results obtained with shallow waters from other 
localities which appeared to be highly mineralized. Approximately 
one thousand waters have been analyzed in this work. The samples 
were for the greater part collected by W. M. Wheless, who performed 
most of the qualitative tests for hydrogen sulphide, and also com- 
pared the analyses of the waters from several wildcat prospects 
with those of salt dome waters. The quantitative analyses were 
made in the company’s research laboratory in Houston, under the 
direction of F. M. Seibert and H. E. Minor. 

The analyses show that the waters of the known domes vary 
widely in their sulphur content. At Barber’s Hill, for example, a 
well 37 feet deep and another one 380 feet deep showed practically 
the same amount of sulphates and hydrogen sulphide; a third well, 
150 feet deep, was entirely fresh; at North Dayton, the water in a 
well 200 feet deep showed sulphuretted hydrogen; another one, 34 
feet deep, had a high concentration of sulphates; and another, also 
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34 feet deep, was entirely free of sulphur compounds. At Goose 
Creek, sulphur waters occur over an area of more than a hundred 
square miles. At Cow Bayou, in Orange County, waters containing 
sulphates and hydrogen sulphide are found far beyond the limits of 
present production with irregular variation in concentration from 
the surface down to 600 feet. In the case of Barber’s Hill, however, 
where the areal extent of the salt core has been approximately de- 
fined, an average of all the analyses gives a higher concentration 
over the salt core than the analyses of the waters taken off the salt. 
But even here, samples taken within a mile of the dome contain a 
greater percentage of sulphates than most of those from the top of 
the salt. By a process of averaging, a small area of high concentra- 
tion can be detected over the salt both at Hockley and Damon 
Mound, but in the case of the other domes, it is impossible to estab- 
lish the position of the dome from the occurrence of sulphur waters 
alone. 

In the investigation of waters from localities other than salt 
domes, several small areas were found which are characterized by an 
abnormally high percentage of both sulphate and sulphuretted hy- 
drogen. In some instances, shallow waters are as highly impregnated 
with these constituents as any dome waters that have come to our 
attention; whereas, all the available waters from deeper sands are 
quite fresh. Actual drilling of several of these prospects has given 
no evidence that the sulphur content in these waters is due to a 
buried dome. Apparently the local concentration at these places is 
due to some peculiar surface condition. 

Geologic investigations show that sulphur waters in the Gulf 
Coast section of Texas and Louisiana occur in one or more of three, 
or possibly four, conditions. At Barber’s Hill, Hockley, and Damon 
Mound, they no doubt come directly from the buried domes, since 
at these places the sulphur content in the water is greater over the 
dome than it is in the territory immediately surrounding it. Hydro- 
gen sulphide gas occurs abundantly in marshes, lagoons, and swamps 
throughout the entire coast country, where large amounts of de- 
caying organic matter are found. It is common around the heads of 
bays, where deposits of such organic matter have been covered with 
recent sediments. Numerous wells and springs in which the water 
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is derived from sands in contact with such deposits, show this gas. 
In a few instances, deposits of selenite are apparently the source of 
both sulphates and sulphides in the water. Finally, it is quite prob- 
able that the sulphur water in a number of localities more or less 
remote from known salt domes has the same source as the deep 
waters directly associated with a buried salt core. 

To summarize, the occurrence of comparatively shallow waters 
showing varying concentrations of sulphates and hydrogen sulphide 
throughout the salt dome belt of Texas and Louisiana, is more or 
less general. Geological examinations of a number of localities where 
high concentrations were found over small areas show the minerali- 
zation to be due in most instances to surface conditions and not to 
buried domes. Actual drilling has practically condemned several of 
the most promising areas, emphasizing the fact that new salt domes 
are not readily located on the evidence of sulphur water alone. That 
it becomes increasingly difficult to find additional domes is apparent 
when we consider that of the forty known domes in the Gulf Coast, 
thirty-seven were found from 1go1 to 1913. Of the other three, two 
were found in 1917 and one in 1922. Since the discovery in 1917 of 
the’ Hager-Martin dome in-sec. 28, IT. 9 Su R, 7 Bi ste Martin 
Parish, Louisiana, approximately 675 wildcat wells have been drilled 
in search of new domes on the coast, involving an expense estimated 
at $20,000,000, exclusive of the cost of leases and overhead expenses. 
Yet only one new dome has been found during this period and it has 
not yet proved profitable commercially as a source of oil. 


CHEMICAL RELATION OF SALT DOME WATERS 


H. E. MINOR 
. Gulf Production Co., Houston, Texas 


ABSTRACT 


The chlorine content of ground waters from Louisiana and Texas salt domes has 
been found useful in identifying the source of the waters and in correlation of water- 
bearing sands. The amount of chlorine is lowest in the near-surface waters and in- 
creases downward, reaching saturation near the salt of shallow cores but in domes of 
the deep-seated type rising gradually at a rather uniform rate below the 2,000-foot 
level. In several cases structure of the rocks is clearly suggested by chlorine concentra- 
tion in ground waters. 


Thinking possibly that the analyses of oil-field waters might 
serve to aid us in the development of the coastal fields, numerous 
water samples were collected at Edgerly, Louisiana. 

Samples from various depths, both within the field and from 
outlying wells, were analyzed. At first a complete analysis was 
made of each sample procured, hoping a general chemical change 
would be noted in the waters as their depth increased, or as they 
became farther removed from the center of the field. ‘The examina- 
tion of numerous analyses failed to reveal any marked change in 
oxidation or reduction. ‘The percentage of carbonates in a water 
in the same sand stratum varied to some extent, due, probably, 
to local cementation. 

A careful study showed that the salt content remained practically 
constant in waters of each individual water sand over that portion 
of the area first covered, where correlation of the sands had been 
definitely established. With this fact known, samples were 
secured from every test that developed salt water, regardless of 
location or depth, and a quantitative analysis made for chlorine 
only. This simplified the chemical work as it permitted analysis 
in the field. Ina short time sufficient data were obtained to prove 
that chlorine content is constant in the salt water of each individual 
sand stratum, varying only .1 or .2 per cent over a distance of one 
and one-fourth miles over the entire field. It was also observed 
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that the chlorine content increased uniformly between each sand 
and succeeding deeper water sands. 

With this information at hand, it became clear, not only that 
the salt water could be used as a means of correlation, but that 
water developed in wells through casing leaks, poor casing seats, 
faulty seals, etc., could be identified by analysis and the true 
source of the water determined. In the salt dome fields correlation 
of the beds is extremely difficult, due to the abrupt thickening and 
thinning of beds. It is almost impossible to follow any individual 
sand for any distance, yet the depth of the producing sands remains 
fairly constant, as though production did not come from an indi- 
vidual sand, but from a zone of numerous sand lenses. Although 
the sands are not themselves continuous, the salt content of the 
water remains practically constant for each producing horizon. 

The results so far obtained show that the chlorine content of the 
waters ranges from fresh water near the surface to as high as 63 per 
cent of chlorine in sands lying 4,200 feet below the surface, the gen- 
eral average rate of increase being approximately .3 per cent per 100 
feet of depth. This rate of increase appears to be uniform only 
below the 2,0o00-foot level.. This work has been carried on at 
enough of the Gulf Coast salt domes to show that the relations set 
forth apply only to domes of the deep-seated type, such as Edgerly, 
Louisiana, Goose Creek and Orange, Texas, or, in other words, 
where the producing sands have not been intruded by the cap rock 
or salt mass. In domes where the salt has penetrated nearly to 
the surface and has cut through the producing sands, the chlorine 
content gradually increases to the point of saturation as the water- 
bearing sand approaches and abuts upon the salt core. 

In the Edgerly field four producing sands and samples of salt 
water taken from these horizons show: 


Depth of Per Cent of 
Sand Chlorine 
2; FOO LEC tear nhaen net ried nT ER ee eee 1.9 
2,000 feet. Aaits toc wee eee eet eee Boi 
3 000; feet. 2 atte oe eee eee BG 
2 LOOMECTY acd ae I Oe eee yet 


Samples taken from ten wells producing from the twenty-seven 
hundred foot sand, and so located that a line joining them extends 
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practically across the field, varied in chlorine content from 1.8 to 
1.9 per cent, or a range of only .1 per cent. The accompanying 
section (Fig. 1) across the Edgerly field shows the uniformity of the 
chlorine content in the salt water encountered in this sand. 

In two of the Gulf Coast fields faults are indicated by the 
abrupt change in the percentage of chlorine content of waters of 
equal depth, the downthrown block containing waters less saline 
than waters found at a corresponding depth on the upthrow side. 
With sufficient data regarding chlorine content of waters in a field, 
the amount of displacement of faulted beds might be approximately 
determined. 

In the Goose Creek field conditions are found to be almost 
identical with those at Edgerly. The analyses of waters from the 
John Gaillard lease to the Paddock Smith lease, comprising an 
area 2 miles in length by 700 feet in width, have been plotted. 
The domed structure of the strata is clearly shown by the chlorine 
content of the waters (Plate.rr). 

Upon the map of Goose Creek are shown the lines of equal salt 
concentration, or what might be called a salt water subsurface 
contour map. ‘The contours shown are those of a 2 per cent water, 
and it is interesting to note how closely they conform to the area 
of actual production. Although some of the largest wells at Goose 
Creek do not lie within the inner contour, yet the center contour 
is the approximate center of production (Plate 12). 

When these relations are once established in a field, they may 
be used in many ways. For example: A well at Goose Creek was 
finished at 3,260 feet, and a screen set from 2,940 feet to 3,060 feet, 
and from 3,230 feet to 3,260 feet. It produced 4,000 barrels of salt 
water with a small amount of oil. The water analysis showed 
2.2 per cent of chlorine. This chlorine content corresponded to 
that of 2,900 feet of water. An inside packer was set in the upper 
screen, cutting off the water and converting the well into a flowing 
oil well. Geochemical work of this character tends to place 
geology on a more practical basis and enables the geologist to assist 
in solving many problems which arise in the development of oil 
fields. 


DISCOVERY OF POTASH SALTS AND FOSSIL ALGAE 
IN TEXAS SALT DOME 


E. DEGOLYER 
New York 


A core of rock salt containing potassium salts and fossil algae was 
recently taken, at a depth of 4,800 feet, from Gray No. 1 well of the Ry- 
cade Oil Corporation at the Markham, Texas, salt dome. This is the first 
occurrence of potassium salts reported from the salt domes of the United 
States, and is probably the most important contribution of fact to a study 
of their origin for a score of years. 

The first appreciable step toward a knowledge of the real structure 
of the domes was the discovery of the main salt mass of Petite Anse, one 
of the Five Islands of Louisiana, by the deepening of an old brine well in 
1862. We came to know the general form, composition, and structure of 
our domes as a result of the vigorous drilling campaign which followed 
close upon the discovery of an oil pool on the Spindletop dome in rgor. 
The active exploration of the domes since that time, in the mining of oil, 
sulphur, and salt, has served chiefly to emphasize the essential regularity 
of the domes, their general conformability to type, and to emphasize the 
uplift of the overlying and contiguous strata by the formation of the salt 
core and cap rock of the dome. 

The first theories of origin—little more than vague speculations based 
on entirely inadequate conceptions of the true nature of the domes— 
regarded them as old Cretaceous outliers in Tertiary seas. With a fairly 
satisfactory working knowledge of the true constitution of the domes came 
Robert T. Hill’s theory of precipitation of the salt and cap rock from solu- 
tion in circulating waters. This theory, as elaborated and modified by 
Gilbert D. Harris with an appeal to the little-understood force exerted by 
growing crystals as sufficient to account for the uplift of the sedimentary 
rocks overlying and contiguous to the salt, received wide acceptance 
among American geologists and is still held by many. 

Oil deposits of commercial importance were found in sands deep on 
the flank of the Humble salt dome in 1913-14; since which time, until 
quite recently, exploration has been directed chiefly to prospecting the 
flanks of the domes. The data obtained from such operations stressed the 
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structural effect of dome formation, and salt-dome students began to feel 
that the Hill-Harris theory of precipitation of the salt cores from solution 
did not satisfactorily explain the very considerable and highly localized 
uplift occasioned by the formation of the salt masses. Hahn, as early as 
1912, considered the apparent genetic similarity between American salt 
domes and various European and African salt structures, and Turrentine, 
in 1913, suggested that some form of the European theory of the formation 
of salt structures by flow of originally bedded salt under pressure was a 
theory whose assumptions were less violent than those yet proposed to 
explain the origin of the American domes. Van der Gracht, in 1917, and 
Dumble, G. Sherburne Rogers, and the writer, in 1918, expressed them- 
selves in favor of theories of intrusive origin, and some form of such 
theory has since come generally to be accepted by salt-dome students. 

Running through the entire period of our speculations on this inter- 
esting subject, however, have been various appeals to volcanism to ac- 
count for the formation of the domes. These theories of volcanic origin 
apparently arise from the fact that structurally, a volcanic neck or plug 
is the only known geological feature which even remotely resembles a 
salt dome. Lee Hager, Veatch, Clapp, Dumble, Deussen, Oliver B. Hop- 
kins, Lucas, and Washburne have at one time or another expressed them- 
selves as favorably inclined toward theories of volcanic origin. Most of 
the theories are variations of the solution theories, regarding the salt as 
precipitated from waters of volcanic origin. Dumble appeals to the same 
forces which give rise to lava pockets as indicating greater plasticity or 
mobility in deeply buried bedded salt, variation of the theory of for- 
mation of the domes by flow of salt under pressure. 

The chief objection to the theories of dome formation by the flow of 
salt under pressure has been the lack of evidence for the existence of deep- 
ly buried bed deposits of salt of sedimentary origin postulated by such 
theories. The importance of the potash and algae-bearing salt discoveries 
is that they constitute positive, if not conclusive, proof of the sedimentary 
origin of the salt of the domes and establish the validity of the theory of 
the formation of the domes by flow of the salt. 
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